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ABSTRACT 
REAGENTS FOR DETERMINATIONS OF TRACE IMPURITIES I N  WATER, PHASE I 1  
Determinat ions o f  t race  i m p u r i t i e s ,  po l  1 u tan ts ,  i n  water are o f t e n  
complicated by a l a rge  number of  factors which consume a g rea t  deal o f  
t ime. Thus, i d e a l  reagents--sensi t i v e ,  s p e c i f i c ,  s tab le ,  water-soluble 
reagents--are needed f o r  rap id ,  spectrophotometr i  c de terminat io r~s  o f  
t r a c e  i m p u r i t i e s  i n  water. A new method f o r  the  de terminat ion  o f  
n i t r a t e  i n  water i s  described which uses z i n c  1-naphthol-4-sul fonate, 
an e a s i l y  prepared, r e a d i l y  p u r i f i e d ,  s tab le ,  water-sol  uble reagent; 
t he  reagent  i s  much b e t t e r  than 1-naphthol -4-sul fonic  ac id ,  f o r  the 
de terminat ion  o f  n i  t r a t e  proposed e a r l  i e r  by another worker and 
subsequently found i n  t h i s  l abo ra to ry  t o  be s a t i s f a c t o r y  o n l y  under 
very c a r e f u l l y  c o n t r o l l e d  cond i t ions .  The same reagent,  z i n c  
1-naphthol -4-sul fonate, a1 so has been proposed f o r  the rap id ,  spec i f i c ,  
s e n s i t i v e  determinat ion o f  n i t r i t e  i n  n a t u r a l  waters. N i t r i t e  r e a d i l y  
can be determined a t  ppm l e v e l s  i n  the  presence o f  several  thousand 
f o l d  excess o f  n i t r a t e .  F u l l  development o f  water  resources, and the 
c o n t r o l  o f  p o l l u t a n t s  re turned t o  na tura l -water  systems, are dependent 
upon methods o f  determining t r a c e  cons t i t uen ts  ; s i g n i f i c a n t  c o n t r i b u t i o n s  
toward meeting those needs have been accompl ished i n  t h i s  work. The 
methods can r e a d i l y  be app l ied  t o  such d iverse  systems as 1 akes where 
a g r i c u l t u r a l  f e r t i  1 i zer r u n - o f f  may be s i g n i f i c a n t ,  t o  e f f l  uents f r o m  
p l  ants i t-I the  food-preparat ion i ndus t r y ,  and t o  na tu ra l  -water systems 
i n  h i g h l y  minera l i zed areas. E f f e c t i v e  new research areas are r e a d i l y  
i d e n t i f i e d  as an extension o f  the work repo r ted  here, p a r t i c u l a r l y  the  
study o f  systems which conta in  ppm-levels o f  n i t r i t e  i n  the presence 
o f  s i g n i f i c a n t  concentrat ions o f  n i t r a t e .  
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INTRODUCTION 
The e f f i c i e n c y  o f  a s s i m i l a t i o n  and the  long- te rm app rec ia t i on  
o f  research are  i n h e r e n t l y  re1 a ted  t o  the e f f i  c iency o f  comnuni c a t i o n  
o f  research r e s u l t s ,  which o f t e n  are  b e s t  understood i n  t he  perspec t ive  
o f  t he  major  research goals o f  t he  o r i g i n a t i n g  l abo ra to ry .  The reader  
extends t h e  repo r ted  i n f o r m a t i o n  i n t o  the  realms o f  new areas and 
untouched s c i e n t i f i c  f r o n t i e r s .  The perspec t ive  from which t h i s  
repo r ted  research was developed was sumnari zed i n  the  i n t r o d u c t i o n  
t o  t h e  f i r s t  r e p o r t  i n  t h i s  s e r i e s  [ I l l i n o i s  Water Resources Research 
Center Report  No. 491, which i s  p a r t i  a l l y  quoted here. 
Determinations of  t r a c e  impur i t i e s  i n  water  a r e  
complicated i n  many ins t ances ,  a s  anyone who has analyzed 
water samples knows, by t h e  necess i ty  of p r i o r  sepa ra t ions  
f o r  removal of i n t e r f e r i n g  substances,  t he  use of prolonged 
evaporat ion s t e p s  t o  concent ra te  the , impur i t i e s  t o  
concentrat ions above minimum de tec t ion  l e v e l s ,  the  use of 
non-aqueous-solvent e x t r a c t i o n s  t o  enable use of water- 
in so lub le  reagents ,  the  necess i ty  of  baking t o  dryness f o r  
example t o  allow n i t r a t i o n s  t o  occur i n  concentrated a c i d s ,  
t h e  c a r e f u l  r egu la t ion  of  time t o  c o n t r o l  the decomposition 
of uns table  chemical substances i n  the  system, and by many 
o the r  f a c t o r s .  The long-term ob jec t ive  of  t h i s  research  i s  
t o  develop i d e a l  reagents;  s e n s i t i v e ,  s p e c i f i c ,  s t a b l e ,  water- 
iii 
so lub le  reagents  f o r  r a p i d ,  spectrophotometr ic  determinat ions 
of t r a c e  impur i t i e s  i n  water.  
The medium-term o b j e c t i v e  of t he  research  is t o  s tudy  
water-soluble ,  su l fona ted  o ~ ~ h y d r o x ~ n i t r o s o  aromatic  
compounds, p a r t i c u l a r l y  su l fona ted  n i t rosonaphthols .  
It is be l ieved  t h a t  t h i s  t y p i c a l  group of c h e l a t i n g  
agents  i s  one among which one o r  more such i d e a l  reagents  
may be  i d e n t i f i e d .  The w e l l  known ni t roso-R-sal t  is one 
example of t h i s  type of reagent .  A l l  these  compounds r e a c t  
w i th  Fe( I1)  , Co(I1) , N i ( I I ) ,  and Cu(I1) and probably P d ( I I ) ,  
P t ( I I ) ,  and Mn(11) i n  r e l a t i v e l y  d i l u t e ,  aqueous s o l u t i o n s  
t o  form colored complexes. But a s  t h e  s u b s t i t u e n t s  on t h e  
o rgan ic  reagents  a r e  va r i ed  t h e  complexes (1) have d i f f e r e n t  
s t a b i l i t i e s  i n  terms of formation cons t an t s ,  pH, l i g h t  
s e n s i t i v i t y ,  and temperature; (2)  form a t  var ious  concen- 
t r a t i o n s  ; (3 )  vary i n  i n t e n s i t y  of  c o l o r ;  (4) have 
d i f f e r e n t  ox ida t ion  s t a t e s  of t h e  meta l  atom p resen t ;  and 
(5) a r e  formed wi th  va r ious  degrees of s p e c i f i c i t y .  I t  is  
des i r ed  t o  r e l a t e  t hese  v a r i a t i o n s  t o  t h e  s t r u c t u r e s  of t h e  
l i gand  molecules,  and i n  s o  doing r e l a t e  t h e  s p e c i f i c i t y  
of t h e  che l a t ing  func t iona l  group f o r  a p a r t i c u l a r  me ta l  ion  
t o  t h e  s t r u c t u r e  of t h e  l i gand  molecule. 
The s t r u c t u r a l  c o r r e l a t i o n s  w i l l  then be extended t o  
o t h e r  systems, p a r t i c u l a r l y  t o  t hose  e x h i b i t i n g  s t e r i c  e f f e c t s  
i n  che l a t ion .  S i m i l a r l y ,  t h e  development of more h igh ly  
colored complexes than those  p re sen t ly  known should be  
poss ib l e .  The p repa ra t ion  and s tudy  of such compounds should 
l e a d  t o  more s e n s i t i v e ,  more s p e c i f i c ,  water-soluble  reagents  
f o r  t h e  determinat ion of t r a c e  i m p u r i t i e s  i n  t h e  aqueous 
environment. 
Seve ra l  short-term problems were f i r s t  s t u d i e d  
be l i ev ing  t h a t  they would c o n t r i b u t e  s e v e r a l  new determinat ions 
f o r  t r a c e  i m p u r i t i e s  i n  water  whi le  l ay ing  t h e  groundwork f o r  
t h e  medium-term and long-term o b j e c t i v e s  d iscussed  above. 
Short - term s tud ies  which preceded those repo r ted  i n  t h i s  
document i n c l  ude: The Spectrophotometr i  c Determinat ion o f  N i t r a t e  i n  
ldater Using 2-Ni t roso-1 -naphthol -4-su l  f o n i  c Aci d; Sodi um 2-Ni t r o s o - l -  
naphthol -5-sul fonate as a Reagent f o r  Coba l t  i n  Water; The Values o f  
Some Thermodynamic Funct ions o f  Naphthol Sul f o n i  c Ac id  Der i  v a t i  ves ; 
and, F e a s i b i l i t y  o f  Gas-Chromatographi c Separat ion and Determinat ion 
of D e r i v a t i v e s  o f  Naphtholsul  f o n i  c Acids. 
The reade r ' s  a t t e n t i o n  i s  c a l l e d  t o  Chapters 1 and 2 o f  t h i s  
r e p o r t  where de ta i  1 ed presenta t ions  o f  more recen t  achievements are 
presented, as a re  summaries o f  the research procedures used and the  
s p e c i f i c  resu l  t s  and conclus ions t h a t  were reached. 
Si r r~ i  l a r l y ,  the  e f f i c i e n c y  o f  a s s i m i l a t i o n  and the  long-range 
e f fec t i veness  o f  research are r e l a t e d  i n h e r e n t l y  t o  the e f f e c t i v e n e s s  
o f  communication o f  t he  research r e s u l t s ,  n o t  o n l y  t o  p ro fess iona l  
peers, b u t  t o  p ro fess iona l s  i n  o t h e r  s c i e n t i f i c  d i s c i p l i n e s  and t o  
t he  educated, reading pub l i c .  I n  an e f f o r t  t o  f a c i l i t a t e  e f f e c t i v e  
communication, Chapter 3 was prepared t o  declare,  i n  n o n - s c i e n t i s t s '  
language and terms, t h e  f i n d i n g s  o f  t he  research he re in  described. 
Chapter 1 
THE SPECTROPHOTOMETRIC DETERMINATION OF NITRATE I N  
WATER USING ZINC 1-NAPHTHOL-4-SULFONATE AS A REAGENT 
Richard 3.  Antepenko and A l b e r t  L. Caskey 
I. INTRODUCTION 
The n i t r a t e  i o n  e x i s t s  i n  most sur face waters and ground waters i n  
t race  q u a n t i t i e s  and i s  recognized as a major c o n t r i b u t o r  t o  p o l l u t i o n  
i n  n a t u r a l  waters. Common sources o f  n i t r a t e  p o l l u t i o n  i nc lude  
v a r i  ous i ndus tri a1 operat ions and the manufacture and use o f  f e r t i  1  i zers . 
Kur ty  (1)  repor ted  t h a t  i n  ground waters the  major  p o l l u t i r ~ g  species 
which r e s u l t s  from the use o f  f e r t i l i z e r s  i s  n i t r a t e .  Two o the r  forms 
o f  n i t rogen  comnonly used i n  a g r i c u l t u r e  are arn~nor~ia nd urea, b u t  no 
mat te r  what forms o r i g i n a l l y  may be present,  reac t ions  w i t h i n  the  s o i l  
u s u a l l y  cause t h e i r  conversion t o  n i t r a t e .  Since the n i t r a t e  i o n  i s  a 
species l oose ly  h e l d  w i t h i n  the so i  1, i t  passes readi  l y  i n t o  ground 
waters. 
High n i t r a t e  concentrat ions i n  water  may i n d i c a t e  contaminat ion by 
organi c  mat ter .  N i  t r a t e  i s  the f i n a l  product  o f  aerobic  decomposition 
o f  o rgan ic  ma t te r  conta in ing  n i t rogen  and i t s  presence i n  water  may 
i nd i  cate the f i n a l  stages o f  b i  o l o g i  ea l  o x i  d a t i  on. Consumpti on by man 
o r  animal o f  water  t h a t  conta ins h i g h  l e v e l s  o f  n i t r a t e  may l e a d  t o  
sickness and i n  many cases death. The t o x i  c e f f e c t s  o f  h igh  n i  t r a t e  
l e v e l s  i n  d r i n k i n g  water  as we1 1  as s u i t a b l e  l i m i t s  f o r  the  presence 
o f  t h i s  c o n s t i t u e n t  have been repo r ted  ( 2 , 3 ) .  
The study o f  e f f e c t s  o f  n i t r a t e s  on b i o l o g i c a l  systems r e q u i r e  
r e l i a b l e  methods f o r  the determinat ion o f  n i t r a t e s  i n  water .  This 
research focuses on the development o f  an accurate, p rec i se  and reasonably 
s p e c i f i c  m t h o d  f o r  the q u a n t i t a t i v e  determinat ion o f  n i t r a t e  i n  water.  
11. HISTORICAL 
The recogn i t ion  o f  n i t r a t e  as a water -po l l  u t i n g  species and s tud ies  
on the t o x i c  e f f e c t s  o f  n i t r a t e  i n  d r i n k i n g  water  have l e d  t o  the 
development o f  a n a l y t i c a l  methods f o r  i t s  q u a n t i t a t i v e  determinat ion. 
As a r e s u l t ,  numerous methods f o r  the  determinat ion o f  n i t r a t e  i n  
water  have been reported i n  the  l i t e r a t u r e .  The most w ide ly  used 
method today, the phenoldisul f o n i c  a c i d  method, was f i r s t  proposed by 
Spr ing le  ( 4 )  i n  1863. I n  the p resen t l y  accepted procedure, n i t r a t e ,  on 
t reatment  w i t h  phenold isul  f on i  c  a c i d  i n  a concentrated s u l f u r i c  a c i d  
medium which contains fuming s u l f u r i c  ac id,  forms a ye l low-co lored 
compound, the  c o l o r  o f  which i s  i n t e n s i f i e d  i n  bas i c  media. The 
concentrat ion o f  n i t r a t e  i s  est imated e i t h e r  by c o l o r i m e t r i c  comparisons 
against  standard so lu t i ons  o r  by spectrophotometr i  c a l  l y  measuring the 
absorbance o f  the  so lu t i ons  and comparing w i t h '  a  s i m i l a r l y  obta ined 
c a l i b r a t i o n  curve. 
I n  1941, Murty and Gopalarao ( 5 )  repor ted  a c o l o r i m e t r i c  method 
f o r  the deterrn i r~at ion o f  n i t r a t e  us ing a-r~aphtholsul  f o r ~ i  c  ac id.  The 
reagent reacted w i t h  a srnall amour~t o f  n i t r a t e  and forrned a species 
t h a t  devel oped an i ntense-ye1 low c o l o r  i n  .basi c  s o l  u t i  on. The procedure 
was s i m i l a r  t o  the one used i n  the pheno ld isu l fon ic  a c i d  method. A 
sample o f  water  conta in ing n i t r a t e  was evaporated t o  dryness on a steam 
bath and the  residue al lowed t o  cool.  Two m l  o f  a-naphtholsul fonic 
a c i d  s o l u t i o n  was mixed thoroughly w i t h  the n i t r a t e  residue. A f t e r  
15 minutes the reac t i on  s o l u t i o n  was d i l u t e d  and n e u t r a l i z e d  w i t h  8 m l  
o f  10 - N potassi  um o r  sodi um hydroxide and f i n a l l y  d i  1 uted t o  250 m l  . 
The developed c o l o r  was compared w i t h  those o f  s i m i l a r l y  prepared 
n i  t r a t e  standards us ing a Duboscq co l  o r i  meter. 
Osmo Maki t i e  (6),  i n  1963, repor ted  a spectrophotometr i  c  method f o r  
the  determf na t ion  o f  n i t r a t e  i n  water  as a n i  t ronaphtho lsu l  fonate. 
1-Naphthol-4-sul f o n i  c  acid, the reagent, whi ch was a l so  the major  species 
i n  the reagent s o l u t i o n  employed by Murty and Gopalarao (5),  was s a i d  
t o  r e a c t  w i t h  n i t r a t e  i n  a d i l u t e  s u l f u r i c  a c i d  medi um t o  form the o A o -  
n i  t ronaph tho l su l fon i  c  ac id.  The system was repor ted  t o  f o l l o w  a n i  t r a t i o r ~  
procedure s i m i l a r  t o  t h a t  o f  t he  pheno ld i su l f on i c  a c i d  method. The 
paste, conta in ing  n i t r a t e  and obta ined a f t e r  evaporat ion o f  the sample, 
was t r e a t e d  w i t h  the  reagent i n  2.5 - M s u l f u r i c  a c i d  a t  room cond i t ions  ; 
the s l  u r r y  was made bas i c  and the concentrat ion o f  n i  t r a t e  was est imated 
by measuring the absorbance o f  the  n e u t r a l i z e d  n i  t r a t i  or1 product,  
s a i d  t o  be sodi  um 2-n i  tro-1-naphthol-4-sulfonate, a t  435 nrrl 
Abercrombie and Caskey (7)  prepared 2-n i  tro-1-naphthol-4-sulfoni c 
ac id  by two independent methods. F i  r s  t, 2-n i  t roso-1 -naphthol -4-sul foni  c  
ac id  was reacted w i t h  equal molar o r  less  n i t r a t e  i n  d i l u t e  a c i d  t o  form 
the product.  I n  the second method o f  synthesis ,  2 -n i  t roso-1 -naphthol - 
4-sul foni c a c i d  was o x i  d i  zed by hydrogen peroxi  de i n  a tri f l  Uoroaceti c  
a c i d  medi um t o  form the des i red  species. The u l t r a v i o l e t  spectrum o f  the 
synthesized 2-n i  t ro-1-naphthol-4-sul f o n i  c  ac id  i n  b a s i c  medi um, y i e l d e d  
an absorbance maximum a t  431 nrn (E = 10 x 10'). A comparison o f  t he  
spec t ra l  da ta  f o r  2-n i  tro-1-naphthol-4-su1 f o n i  c  a c i d  repor ted  by 
M a k i t i e  w i t h  spec t ra l  data obta ined by Abercrombie and Caskey revealed 
major discrepancies and presented the  need f o r  an examination o f  the 
n i t r a t i o n  system repor ted  by Vlaki t ie and the simultaneous eva lua t i on  o f  
the method he proposed. 
I n  an e a r l i e r  study (8,9), the procedure Maki t i e  proposed f o r  the 
deterr r~ inat ion o f  n i t r a t e  w i t h  l -naphtho l -4 -su l fon ic  a c i d  was shown t o  be 
f a u l t y .  The n i t r a t i o n  o f  l -naphthol-4-sul f o n i c  a c i d  cou ld  n o t  be 
dup l i ca ted  us ing the repor ted  condi t ions,  2.5 - M s u l f u r i c  a c i d  a t  room 
temperature, o r  even a t  temperat ires 'c lose t o  100 O C .  The n i  t r a t i o n  
was found t o  r e q u i r e  a 7 M o r  more-concentrated s u l f u r i c  a c i d  medium as 
w e l l  as heat ing.  The e a r l i e r  s tudy i n d i c a t e d  t h a t  under optimum 
cond i t ions  , the n i t r a t i o n  of  l -naphthol -4-sul  f o n i  c  a c i d  may be adaptable 
t o  a spectrophotometr j  c  method f o r  the determinat ion o f  n i  t r a t e ,  and 
thus formed the basis  f o r  the work repor ted  here. A d e t a i l e d  study o f  
the system i s  repor ted  here w i t h  respect  t o  the  e f f e c t s  o f  temperature, 
reac t i on  t ime and s u l f u r i c  a c i d  concentrat ion. Also presented -are the 
e f f e c t s  o f  f o r e i g n  ions  and a suggested procedure f o r  the use o f  
l -naphtho l -4 -su l fon ic  a c i d  f o r  the determinat ion o f  n i t r a t e  i n  n a t u r a l  
waters. 
A. Reagents 
111. EXPERIMENTAL 
Reagent-grade chemi ca l  s meet'i ng American Chemi ca l  Soc ie ty  
speci f i  ca t ions  were used whenever they were csmnerci a1 l y  avai 1 able. 
- 
A1 1 o the r  chemicals were o f  the  h ighes t  p u r i t y  avai l a b l e .  
Standard s o l u t i o n s  o f  n i t r a t e  were prepared by we igh t  from reagent- 
grade sodi  um n i  t r a t e  obta ined from Matheson, Coleman and Be1 1. 
Sodi um 1-naphthol -4-sul  fonate , p r a c t i  c a l  grade obta ined f rom 
Eastman Kodak, was p u r i f i e d  as the p - t o l u i d i n i u m  s a l t .  Sodium 
1-naphthol-4-sulfonate, 80 g (0.33 mole), was d isso lved  i n  approximately 
800 m l  of h o t  10 % h y d r o c h l o r i c  ac id,  and t o  t h i s  s o l u t i o n  was added an 
equal -molar quant i  ty o f  p - to1  u i  d i n i  um c h l o r i d e  , 47 g (0.33 mole).  The 
h i g h l y  co lo red  s o l u t i o n  was t r e a t e d  w i t h  5 g o f  degassed, Darco G-60, 
a c t i v a t e d  carbon, f i l t e r e d  and cooled a t  5 "C. A f t e r  two r e c r y s t a l l i z a t i o r i s  I 
i n  d i l  u te  ( 1  :5 v /v)  h y d r o c h l o r i c  ac id ,  the p - t o l u i  d in ium 1 -naphthol-4- i 
s u l f s n a t e  was d i sso l ved  i n  a minimum amount o f  de ionized water ,  I 
approximately 1 l i t e r ,  and the pH o f  the r e s u l t i n g  s o l u t i o n  was 
adjusted t o  9 w i t h  3 M sodi  um hydroxide. The basi  c s o l u t i o n  was 
e x t r a c t e d  severa l  t imes wi t h  d i e t h y l  e t h e r  t o  remove the p - t o l u i d i n e ,  I 
ad jus ted  t o  pH 5 wi t h  h y d r o c h l o r i c  a c i d  (1  : 1 v/v) , and then evaporated 
t o  dryness under reduced pressure. The l igh t -b rown co lo red  sodium I 
1-naphthol -4-sul  fonate obta ined was p laced i n  a 1 - l i  t e r  beaker and 1 
e x t r a c t e d  w i t h  5, 300-ml po r t i ons  o f  ho t ,  100 % e thanol .  The s o l u t i o n  * I  
obta ined by combining the  ethanol  e x t r a c t s  was t r e a t e d  w i t h  degassed, I 
Darco G-60, a c t i v a t e d  carbon and evaporated t o  dryness under reduced 
pressure. 
Zinc 1-naphthol-4-sulfonate was prepared using a procedure s i m i l a r  
t o  the one reported by Knusl i  (10). P u r i f i e d  sodium l-naphtho1-4- 
sul fonate,  40 g (0.16 mole), was d isso lved i n  120 m l  o f  hot,  deionized 
water.  To t h i s  s o l u t i o n  was added a hot ,  aqueous s o l u t i o n  o f  z i n c  
ch lo r ide ,  50 g (0.37 mole), d issolved i n  a minimu~n amount o f  h o t  water. 
Upon slow coo l ing  a t  room temperature, la rge rhombi c c r y s t a l s  formed which 
were c o l l e c t e d  on a s in tered-g l  ass funnel. A f t e r  3 r e c r y s t a l  l i z a t i o n s  
frorn water, the z i n c  1-naphthol-4-sulfonate was a i r  d r i e d  f o r  24 hours 
a t  room temperature. 
B. Equipment 
A Beckman, Model DB-G (1 403) , recording spectrophotometer equipped 
w i t h  1 .O-cm, matched, s i  1 i ca absorpt ion c e l l s  was used f o r  absorbance 
measurements . 
A Fisher Isotemp Oven, Jun io r  Model (Model No. 101), was used f o r  
d ry ing  so lu t i ons  i n  volumetr ic  f lasks .  
A constant-temperature bath f i t t e d  w i  t h  a Sargent Thermoni t o r  uni t 
(Catalog No. S-82052) and Sargent Heater and C i r c u l a t o r  u n i t  (Model No. 
N51-12) was used f o r  constant- temperature measurements. 
C. Procedures 
A general procedure was empl oyed i n  a1 1 studies w i  t h  on ly  s l  i gh t 
modi f i ca t ions  u t i  l l z e d  when necessary. Samples conta in ing  n i t r a t e  were 
prepared by p lac ing  a l i quo ts  o f  a sodi um n i t r a t e  s o l u t i o n  i n t o  e i t h e r  
50-ml o r  100-ml volumetr ic  f lasks .  The f l asks  conta in ing  the so lu t i ons  
were placed i n  an oven varying i n  temperature f r o m  130-140 "C, 
evaporated t o  dryness, and cooled t o  room temperature. The n i t r a t i o n  
react ion-was i n i t i a t e d  f o r  each n i  t r a t e  s o l u t i o n  separa te ly  and employed 
the  f o l l o w i n g  order  f o r  the a d d i t i o n  o f  reac tan ts .  An a l i q u o t ,  9.0 m l ,  
o f  s u l f u r i c  a c i d  s o l u t i o n  was added, the f l a s k  was shaken v igo rous l y  
t o  d i sso l ve  the  n i t r a t e  residue, and p laced i n  the constant  ternperature 
ba th  a t  a  p re-se t  temperature. A f t e r  approximately one minute i n  the 
bath, a  1 .OQ-ml a l i q u o t  o f  z i n c  1-naphthol-4-sul fonate s o l u t i o n  was 
added, the f l a s k  was shaken and replaced i n  the bath f o r  a  s p e c i f i e d  
r e a c t i  on t ime. Except dur ing  the addi ti on o f  reagents , the f l  asks 
were stoppered a t  a1 1 t imes. The reac t ion- t ime i n t e r v a l s  were the 
elapsed times from the  a d d i t i o n  o f  the  l a s t  reac tan t  s o l u t i o n s  t o  the 
moment the r e a c t i o n  mixtures were quenched by d i l u t i o n  w i t h  i c e - c o l d  
deionized water.  A1 1 s o l u t i o n s  were al lowed t o  e q u i l i b r a t e  t o  room 
temperature be fore  being d i l u t e d  t o  volume. A l l  s o l u t i o n s  were 
thoroughly  shaken before t h e i r  spec t ra  were recorded. 
I n  s tud ies  where s o l u t i o n s  o f  sod iu~n n i t r a t e  were added t o  
concentrated s u l f u r i c  ac id  so l l r t ions ,  the f l a s k s  con ta in ing  the 
s u l f u r i c  a c i d  were f i r s t  cooled i n  an i c e  bath. This  procedure was a l s o  
fo l l owed  i n  s tud ies  where water  was added t o  concentrated s u l f u r i c  acid. 
D. Proposed Procedure f o r  the Determinat ion of N i t r a t e  
i n  Natura l  Waters 
-
1. Speci a1 Stock Sol u t i ons  
a. Z inc 1-Naphthol-4-Sul fonate Reagent 
D isso lve  1.330 g z i n c  1-naphthol-4-sul fonate and d i l u t e  t o  100.0 m l  
w i t h  deionized water  t o  prepare a 2.000 x - M z i n c  1-naphthol-4- 
su l f ona te  s o l u t i o n .  
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I 
j The s u l f u r i c  ac id  concentrat ion must be w i t h i n  the range 12.0 t o  
I 12.4 M. Concentration check: d i l u t e  a 25.00-ml a l i q u o t  t o  250.0 m l  
- 
w i t h  deionized water. T i  t r a t e  a 2.00-ml a l i q u o t  o f  the  d i l u e n t  w i t h  
the standard, 0.1 N, sodium hydroxide s o l u t i o n  using phenolphthalein 
i n d i c a t o r .  A s u l f u r i c  a c i d  concentrat ion outs ide  the range o f  12.0 t o  
12.4 - M, must be adjusted w i t h  e i t h e r  s u l f u r i c  a c i d  o r  deionized water  
and the adjustment fo l lowed by a repeat concentrat ion check. 
2. Pretreatment -- o f  Water Samples 
The necessi ty  f o r  employing the f o l  lowing water  pretreatment  
! steps and the order i n  which they are presented are dependent upon 
the nature  o f  the i n d i v i d u a l  water  sample. 
l 
Color Removal 
I 
Decolor i  ze a 50.0-ml water  sample by add'lng 2 m l  o f  aluminum 
~ hydroxide f l o c  and s t i r  f o r  5 minutes. Al low the p r e c i p i t a t e  t o  s e t t l e  
I f o r  a few minutes before f i l t e r i n g  through a 60" funnel f i t t e d  w i t h  I rap id ,  f i l t e r  paper. Rinse the beaker w i t h  several smal l  po r t i ons  o f  
deionized water  and f i  1 t e r ,  c o h i n i n g  a1 1 f i  1 t ra tes .  
b. N i t r i t e  Conversion 1 
I Add 0.5 m l  of 1 - N s u l f u r i c  a c i d  t o  a c lear ,  50.0-ml water  sample. 
! j Add dropwise wh i l e  s t i r r i n g ,  0.1 N potassium permanganate u n t i l  a f a i n t  
p ink  c o l o r  p e r s i s t s  and a1 low the sample t o  stand f o r  15 minutes. (A 
f a i n t  p i n k  c o l o r  p e r s i s t s  f o r  a t  l e a s t  15 minutes when s u f f i c i e n t  
po tass i  um permanganate s o l u t i o n  i s  used f o r  the complete conversion o f  
n i t r i t e  t o  n i t r a t e . )  A t  the end o f  the  n i t r a t e  determinat ion, make the 
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cone o r  h o t  p la te .  Do n o t  evaporate t o  dryness. Trans fer  the s o l u t i o n  
t o  a 50-ml vo lumet r ic  f l a s k .  Rinse the beaker w i t h  smal l  volumes o f  
de ion ized  water  and add the r i n s i n g s  t o  the  vo lumet r ic  f l a s k .  
Evaporate the water  sample t o  dryness i n  an a i r - c i r c u l a t i n g  oven a t  
130-140 O C .  A l low the f l a s k  and res idue t o  cool be fo re  proceeding w i t h  
the n i  t r a t i  on reac t i on .  
3. Treatment o f  Water Sample and Standard So lu t i ons  
f o r  ~ b s o r b a n c e s  uremen t s  
-
Prepare a se r i es  o f  s tandard s o l u t i o n s  by p l a c i n g  0.00, 1.00, 2.00, 
3.00, 5.00, 7.00, and 10.00 m l  o f  the  s tandard n i t r a t e  s o l u t i o n  i n  
50-ml vo lumet r ic  f l asks .  Trea t  the standards as descr ibed i n  s tep  d, 
"Evaporat ion".  
The n i t r a t e  reac t i on  i s  i n i t i a t e d  f o r  each p r e t r e a t e d  wa te r  sample 
and standard independent ly and employs the f o l l o w i n g  o r d e r  f o r  the 
a d d i t i o n  o f  reac tan ts .  Add 9.00 m l  o f  the s u l f u r i c  a c i d  r e a c t i o n  
s o l u t i o n  t o  a cooled f l a s k .  Stopper, shake v igo rous l y  t o  d i sso l ve  the 
n i t r a t e  res idue and p lace the f l a s k  i n  a cons tan t  temperature bath a t  
50 O C .  A f t e r  a one-minute hea t i ng  per iod ,  remove the f l a s k  and add 
1 .OO lr11 o f  z i n c  1-naphthol -4-sul fonate s o l u t i o n .  Stopper, shake w e l l ,  
and rep lace  the f l a s k  i n  t h e  bath. Remove the f l a s k  a f t e r  30 minutes 
and quench the r e a c t i o n  by adding about 25 m l  o f  c o l d  deionized water .  
A l low the f l a s k  t o  e q u i l i b r a t e  t o  room temperature and d i l u t e  t o  volume. 
Measure the  absorbances a t  384 nm. Use a b lank c o n s i s t i n g  o f  9.00 
m l  o f  s u l f u r i c  a c i d  r e a c t i o n  s o l u t i o n  d i l u t e d  t o  50.0 m l .  
Construct  a work ing graph by p l o t t i n g  absorbance u e M u  
micrograms/50 m l  s o l  L t i o n  o f  n i t r ogen .  A l i n e a r  work ing graph should be 
obtained. Read the  micrograms of  n i t r o g e n  from the graph f o r  each sample. 
I V .  RESULTS AND DISCUSSION 
Zinc 1-naphthol-4-sul fonate, the a n a l y t i c a l  reagent,  was e a s i l y  
prepared, and i t s  p u r i f i c a t i o n  by repeated r e c r y s t a l  li zat ions  f r o m  water  
was r a p i  d y i  e l  d ing  a s tab1 e , whi t e  , c r y s t a l  1 i ne ma te r i  a1 . The reagent  
was charac ter ized  as having 8 1/2 wa te r  molecules o f  hyd ra t i on  per  z i n c  
1-naphthol -4-sul fonate molecule. F r ied1 ander and Taussig (1 1) 
prepared z i n c  1-naphthol -4-sul fonate and repor ted  i t  t o  be the  8 
hydrate. A l oss  i n  water  s tudy conducted on the  a i  r - d r i e d  mater i  a1 i n  
a vacuum des icca tor  over  anhydrous magnesi um perch1 ora te  gave an 
average experimental  we igh t  l oss  o f  22.77 %, which compared w e l l  w i t h  
the t h e o r e t i c a l  value o f  23.02 % f o r  t he  8 1/2 hydrate. T i  t r a t i o n  w i t h  
EDTA o f  both the hydrated and the anhydrous z i n c  1-rraphthol-4-sul fonate 
y i e l d e d  9.64 % and 12.76 % z inc,  respec t i ve l y .  These values were i n  
good agreement w i  t h  the theo re tca l  val  ues o f  9.83 % and 12.77 %, 
r espec t i  ve ly .  
The u l t r a v i o l e t  spec t ra  o f  z i n c  1-naphthol-4-sul  fonate were recorded; - 
4 i n  a c i d i c  medium i t  has absorbance maxima a t  227 nm (E = 8.0 x 10 ) 
4 and a t  297 nm (E = 1.54 x 10 ), and i n  bas i c  medium i t  has absorbance 
4 4 maxima a t  248 nm (E  = 5.73 x 10 ) and a t  330 nm (E = 2.05 x 10 ). 
Therefore, i n  us ing  z i n c  1-naphthol-4-sul  fonate as a spectrophotorrletri  c 
reagent  f o r  the determinat ion o f  n i t r a t e ,  one can es t imate  the 
concent ra t ion  o f  n i t r a t e  i n d i r e c t l y  by f o l l o w i n g  one o f  two absorp t ion  
bands f o r  the reagent i n  e i t h e r  a c i d i c  medla o r  b a s i c  media. 
The i n f r a r e d  spectrum o f  z i n c  1 -naphthol-4-sul  fonate, prepared as 
a potassium bromide p e l l e t ,  i s  presented i n  F igure  1. The spectrum 
contained the  s t rong  su l  f o n i  c a c i d  absorpt ion bands between 1260-1 150 cm-' 

f o r  asymmetr ic-stretching v i b r a t i o n s  and between 1080-1 100 cm- ' f o r  
symmetri c-s t r e t c h i n g  v ib ra t i ons  of the  -SO2-functional group. Also 
noted were the  bands between 1500-1650 c r r~ ' ,  which r e s u l t  f rom the  
naph thy l - r i ng  system. 
A. -- Time and Temperature E f f e c t s  
The e f f e c t  o f  s u l f u r i c  ac id  concentrat ion on the n i t r a t i o n  reac t i on  
was s tud ied  a t  several  terr~peratures , and the resu l  t s  are graphi ca l  l y  
presented i n  F igure 2. The o b j e c t i v e  o f  t h i s  experiment was t o  determine 
a workable su l  f u r i  c a c i d  reac t i on  concentrat ion t h a t  f a c i  1 i t a t e d  the 
r ~ i  t r a t i o n  reac t i on .  The format ion o f  2-n i  t ro-1 -naphthol-4-sul f o n i  c a c i d  
from the  reac t i on  o f  4.245 x - M sodium n i t r a t e  w i t h  5.510 x l o m 4  - M 
z i n c  1-naphthol-4-sul fonqte was observed i n  v a r i e d  s u l f u r i c  a c i d  
concentrat ions ranging from 5.4 t o  14.4 - M. A 1-hour reac t i on  t ime 
and reac t i on  temperatures o f  29, 40, 50 and 60 "C were used. 
The n i t r a t i o n  reac t i on  was fo l l owed  by observ ing the  increase i n  
absorbance a t  386 nm, a wavelength maximum f o r  the product  i n  a c i d i c  
medi um. The reagent, 1 -naphtho' l -4-sulfoni c ac i  d, does n o t  absorb a t  t h i s  
wavelength. The data shows t h a t  f o r  reac t i on  temperatures o f  29, 40, 
50 and 6Q "C, the maximum absorbance from the product  was obta ined f o r  
s o l u t i o n s  t h a t  corresponded t o  a 10.8 M s u l f u r i c  a c i d  reac t i on  medium. 
A t  t h i s  s u l f u r i c  ac id  reac t i on  concentrat ion and a t  a l l  r eac t i on  
temperatures, w i  t h  the  except ion o f  the 60 "C reac t i on  temperature, the 
absorbance val ues a t  386 nm were s l i g h t l y  below the t h e o r e t i c a l  
absorbance of 0.224 t h a t  was ca l cu la ted  f o r  a 4.245 x l o m 5  - M 2 - r ~ i  t r o -  
1-naphthol-4-sul f o n i c  a c i d  so l  u t ion .  
Using the s u l f u r i c  ac id  reac t i on  concent ra t io r~  o f  approximately 
M H,SO, IN  REACTION 
Figure  2. Formation and s t a b i  1 i ty o f  2 -n i  t ro-1-naphthol-4-sul f o n i c  
a c i d  as a f u r ~ c t i o r ~  o f  s u l f u r i c  a c i d  concent ra t ion  a t  
v a r i o  s temperatures: 5.510 x 10-5 M reagent,  4.245 
x lo-! - M NallOg, t ime o f  1 hour, and tFmperatures o f  
(a)  60 O C ,  
(b) 50°C,  
( c )  40 O C ,  and 
(d )  29 "C 
10.8 - M, the  reac t i on  t ime requ i red  f o r  the  q u a n t i t a t i v e  n i t r a t i o n  o f  
1-naphthol-4-sul  f o n i  c a c i d  was s t u d i e d  a t  severa l  r e a c t i o n  temperatures. 
The progress o f  the n i t r a t i o n  r e a c t i o n  was fo l lowed by observ ing the 
formation o f  2 -n i  t r o - 1  -naphthol-4-sul  f o n i  c ac i  d from the r e a c t i o n  o f  
4.245 x - M sodium n i t r a t e  w i t h  5.510 x - M z i n c  l -naphthol -4-  
s u l  fonate. 
The p e r t i n e n t  r e s u l t s ,  which have been presented i n  Table 1 as 
w e l l  as g r a p h i c a l l y  i n  F igure 3, show t h a t  f o r  a cons tan t  r e a c t i o n  time, 
an increase i n  the  r e a c t i o n  temperature produced an inc rease i n  the 
fo rmat ion  o f  2-n i  t r o -1  -naphtho l -4 -su l fon ic  ac id.  A s im i1  a r  inc rease 
i n  p roduc t  forn lat ion was ob ta ined from an inc rease i n  the r e a c t i o n  t ime 
f o r  a s p e c i f i c  reac t i on  temperature. 
The optinium n i  t r a t i  on condi t i o n s  o f  t ime arld temperature s houl d 
f a c i  1 i t a t e  the  q u a n t i t a t i v e  format ion o f  product.  Also, the concent ra t ion  
o f  2-n i  t r o -1  -naph tho1 -4-sul  f o n i  c a c i d  p resent  i n  the d i  1 uted r e a c t i o n  
mix tu re  resu l  t i r l g  from the q u a n t i t a t i v e  r e a c t i o n  o f  n i t r a t e  w i t h  
1-naphthol -4-sul fonate,  should g ive  an absorbance o f  0.224 a t  386 nm. 
Therefore, a cornparisor1 o f  the experinlental  l y  ob ta ined da ta  w i  t h  t h i s  
t h e o r e t i c a l  absorbance val  ue provided, i n  p a r t ,  the bas i s  f o r  choosirlg 
the b e s t  r e a c t i o n  t ime and temperature. 
For  r e a c t i o n  temperatures o f  40, 45, and 50 "C, the  forn lat ion o f  
2-ni  t r o - 1  -naphthol-4-sul  f on i  c a c i d  reached a m i  ximum w i  t h  t ime. 
I nc reas ing  the r e a c t i o n  t ime up t o  one hour,  f o r  any one o f  these 
temperature s tud ies  , produced a negl 'l g i  b l e  e f f e c t  on the  s t a b i  1 i ty o f  
the product.  
A t  a r e a c t i o n  temperature o f  50 "C, the g r e a t e s t  amount o f  product  
was formed, because a t  t h i s  temperature, the absorbance values were 
Table 1. The Formation of 2-Ni tro-1-Naphthol-4-Sulfonic Acid i n  10.88 - M 
Su l fu r ic  Acid as a Function of Time a t  Various Temperatures 
Reaction Absorbance a t  386 nm f o r  Reaction Temperature of: 
Ti me 
(min.) 30 "C 40 "C 45 O C  50 O C  60 O C  70 "C 80 O C  
ABSORBANCE at. 386 bm 
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c l ~ s e r  t o  the  t h e o r e t i c a l  value. A lso  a t  a 5Q O C  temperature, a 
minimum r e a c t i o n  t ime o f  approximately 30 f 5 minutes was requ i red  f o r  
the  quant l  t a t i  ve format ion o f  2-n i  t r o -1  -naphthol -4-sul fon i  c ac i  d. The 
50 O C  r e a c t i o n  temperature and 30 minute r e a c t i o n  t ime were chosen as the  
optimum temperature and t ime var iab les  f o r  t he  n i t r a t i o n  o f  1-naphthol - 
4 - s u l f o n i c  a c i d  i n  a 10.88 - M s u l f u r i c  a c i d  reac t i on  medium. 
B. Optimum S u l f u r i c  Ac id  Concentrat ion 
The e f f e c t  o f  s u l f u r i c  a c i d  concent ra t ion  on the  n i t r a t i o n  r e a c t i o n  
was s t u d i e d  us ing the  optimum r e a c t i o n  temperature and time. The 
formation o f  2 -n i  t ro-1-naphthol -4-sul foni  c a c i d  from the  r e a c t i o n  o f  
4.245 x l o m 4  - M sodium n i t r a t e  w i t h  5.511 x l om4  - M z i n c  l -naphtho l -  
4 -su l fonate  was s tud ied  i n  a r e a c t i o n  medium rang ing  from 5.4 t o  
14.4 - M s u l f u r i c  ac id,  a t  50 O C  f o r  30 minutes. The p e r t i n e n t  da ta  
have been preser~ ted  i n  Table 2 and Figure 4. 
The absorbance a t  386 nrn, an absorbance maximun~ f o r  the product,  
increased t o  a rr~axirr~u~n f o r  reac t i ons  run i n  10.88 - M su l  f u r l  c a c i d  
and remained a constant  value up t o  11.25 M s u l f u r i c  acid. The 
r e s u l t s  i n d i  cated t h a t  the  optimum range o f  a c i d  concent ra t ion  
f a c i l i t a t i n g  the format ion o f  2-n i  t r o - 1  -naphthol-4-sul  f o n i  c a c i d  
was 11 .OO k 0.20 - M. Wi th in  t h i s  range o f  a c i d  concentrat ion,  the 
average absorbance va l  he o f  0.456 compared we1 1 w i t h  the t h e o r e t i c a l  
absorbance value o f  0.448, which was c a l c u l a t e d  f o r  an 8.490 x 
M 2-n i  t ro-1-naphthol -4-sul  f o n i  c a c i d  s o l u t i o n ,  and i n d i c a t e d  
- 
t h a t  the  n i t r a t i o n  r e a c t i o n  proceeded q u a n t i t a t i v e l y .  S i m i l a r l y ,  
f o r  a s u l f u r i c  a c i d  medi um o f  11.25 o r  above, the observed 
absorbance values o f  the d i l u t e d  r e a c t i o n  mixtures were less  than 
Table 2. The E f f e c t  o f  S u l f u r i c  Acid Cor~cer~ t ra t i on  or1 the 
Formation and the Stabi  li ty o f  2-Ni tro-1-Naphthol- 
4-Sulfonic Acid a t  50 O C  f o r  30 Minutes 
Water H2S04 con c ? 386 A 8 nm A 8 (ml) 
H2S04 
326 nm 
18 M 
( ~ l 1 T  - M 
aThis i s  the s u l f u r i c  ac id  concentrat ion i n  the reac t i on  mixture,  
a f t e r  the addl t i o n  o f  1 .OO m l  o f  n i t r a t e  s o l u t i o n  and 1 .OO m l  o f  
reagent so lu t i on ,  f o r  a 10.0 m l  t o t a l  reac t i on  volume. 
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those expected f o r  quant i  t a t i  ve reac t i on .  For  s u l  f u r i  c  ac i  d  r e a c t i o n  
media o f  12.6 - M and h igher ,  the  observed absorbance values were even 
smal ler ;  t h i s  was reasoned t o  be due t o  the loss  of  n i t r o g e n  oxides o r  
the decomposit ion of  2-ni  t ro-1-naphthol -4-sul  f o n i  c  ac i  d. Therefore, 
the  maximum formation o f  2-n i  t ro -1  -naph tho l -4 -su l  f o n i  c  a c i d  requ i  r e d  
an 11 .OO + 0.20 M s u l f u r i c  a c i d  concent ra t ion  i n  the  r e a c t i o n  medi um. 
Concentrat ions above o r  below t h i s  value r e s u l t e d  i n  e i t h e r  a decrease 
i n  the amount o f  p roduc t  f rom the degradat ion o f  e i  t h e r  n i t r i c  ac id,  
the  a n a l y t i c a l  reagent, o r  the  product ,  o r  the  incomplete formation 
o f  product ,  r espec t i  ve ly .  
Inc luded i n  Table 2 are the  values recorded from the absorbance 
a t  326 nm. The inc rease i n  absorbance a t  t h i s  wavelength w i t h  an 
increase i n  s u l  f u r i  c  a c i d  concentrat ion,  i n d i  cated the  format ion of 
a  second product .  Ne i the r  z i n c  1-naphthol -4-sul fonate n o r  
2 -n i  t r o - 1  -naph tho l -4 -su l  f o n i  c  a c i d  have absorbance maxima a t  326 
nm. A s i m i l a r  absorbance maximum was noted i n  the spec t ra  from a 
study of  the a c i d  decomposi t i o n  o f  z i n c  1-naphthol -4-sul fonate as 
a func t ion  o f  temperature, as we1 1 as f r o m  the  s tudy on the e f f e c t  
o f  s u l f u r i c  a c i d  concentrat ion.  
C.  S t a b i l i t y  - o f Zinc 1-Naphthol-4-Sulfonate - i n S u l f u r i c  Ac id  
The s t a b i l i t y  o f  z i nc  1-naphthol-4-sul  fonate i n  a s u l f u r i c  a c i d  
medi um was s t u d i e d  as a f u n c t i  on o f  r e a c t i  on temperature, and the 
p e r t i n e n t  da ta  are presented i n  Table 3 and Figure 5. The r e a c t i o n  
m ix tu re  was 5.510 x 11 z i n c  1 -naphtho l -Csu l fonate  and 10.88 - M 
s u l f u r i c  ac id .  The r e a c t i o n  t ime was h e l d  constant  a t  1  hour. 
As the  r e a c t i o n  ternperature was increased f rom the  i n i t i a l  
Table 3. The Ef fect  of Temperature on the Ac id  Decomposition 
o f  Z inc 1-Naphthol-4-Sulfonate i n  10.88 - M S u l f u r i c  
Ac id  f o r  One Hour 
So lu t i on  Temperature A (h Average A 
Number O C  2 0.1 297 nm (h 297 nm 
ABSORBANCE a t  2g75 bh 
value o f  25 "C, the reagent absorbance maximum a t  297 nm remained 
n e a r l y  constant  u n t i l  the  reac t i on  temperature exceeded 50 "C. Since 
the  r e a c t i  on t ime was 1 hour f o r  a1 1 s tud ies  , the nea r l y  cons tan t 
absorbance i n d i c a t e d  t h a t  the  reagent was s t a b l e  a t  50 "C o r  lower 
temperatures f o r  1 hour. Increas ing  the  temperature above 50 "C 
produced a s i g n i f i c a n t  decrease i n  the absorbance and i n d i c a t e d  t h a t  
a s i g n i f i c a n t  amount o f  z i n c  1-naphthol-4-sulfonate was decomposing. 
The s t a b i l i t y  o f  z i n c  1-naphthol-4-sulfonate was s tud ied  i n  a 
10.88 fl s u l f u r i c  a c i d  r e a c t i o n  medium a t  50 "C as a func t i on  o f  reac t i on  
t ime.  The p e r t i n e n t  data from t h i s  study i s  presented i n  Table 4 and 
Flgyre 6. The reagent s t a b i l i t y  as a func t i on  o f  r e a c t i o n  t ime was 
good, w i t h  orl ly a smal l  amount o f  degradat ion observed a f t e r  a 30 
minute i n t e r v a l  and a less  than 9 % l oss  observed a f t e r  5 hours. 
D. Optimum Reagent Concentrat ion 
A mole- ra t io  study was conducted t o  determine the optimum r a t i o  
o f  n i t r a t e  t o  z i n c  1-naphthol-4-sulfonate f o r  use i n  the  n i t r a t i o n  
system. The sodi urn n i t r a t e ,  which concentrat ion ranged from 1 .OO - 10.0 x 
4 10- - M, was reacted w i t h  4.00 x l o m 4  - M z i n c  1-naphthol-4-sulfonate i n  
10.95 - M s u l f u r i c  ac id  a t  50 "C f o r  30 minutes. The p e r t i n e n t  da ta  are 
presented i n  Table 5. The experimerlt was conducted i n  dup l i ca te  and 
the average values are presented g r a p h i c a l l y  i n  F igure  7. The 
quant i  t a t i  ve formation o f  2-ni  tro-1-naphthol-4-sulfoni c a c i d  was 
observed through a mole r a t i o ,  sodium n i t r a t e  t o  z i n c  l -naphthol-4- 
su l f ona te  r a t i o  o f  1.0; Beer 's law was obeyed. I n  s i  tuat ior ls  where 
t h i s  mole r a t i o  must be exceeded, n e a r l y  q u a n t i t a t i v e  r e s u l t s  would be 
obta ined through a.mole r a t i o  o f  1.75. Beyond a mole r a t i o  o f  1.0 
Table 4. The E f f e c t  o f  Time on the Ac id  Decomposition 
o f  Zinc 1-Naphthol-4-Sulfonate i n  10.88 - M 
S u l f u r i c  A c i d  a t  50 "G 
Sol u t i  on T i  me Absorbance @ 
Number 297 nrrl 
Minutes Hours 
ABSORBANCE a t  297.5 am 
Table 5. Mole Ra t io  Study. The E f f e c t  o f  Sodium N i t r a t e  
Concentrations on the Formation o f  2 - N i t r o - l -  
Naphthol-4-Sulfonic Acid i n  10.95 - M S u l f u r i c  Ac id  
Mole Run 1 Run 2 
Mmo 1 es Mmoles ~ a t i  oa A8 A8 
NaN03 Zn R2 N03/Zn R2 386 nm 386 nm 
a ~ o l e  r a t i o ,  sodium n i t r a t e  t o  z inc  1-naphthol -4-sul fonate 
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and up t o  a mole r a t i o  o f  1.75, the absorbances o f  the  d i l u t e d  reac t i on  
mixtures were l ess  than those expected f o r  q u a n t i t a t i v e  reac t ion .  
A t  a mole r a t i o  o f  1.75 through 2.50, the normal ye1 lowish- 
green c o l o r  o f  the  n i t r a t i o n  mix ture  was n o t  observed, b u t  a deep-red 
c o l o r  developed. The u l t r a v i o l e t - v i s i b l e  spec t ra  from these so lu t i ons  
d i f f e r e d  from the usual n i t r a t i o n  product  spectrum. The s h i f t  i n  the 
p o s i t i o n  o f  wavelength maximum i n d i c a t e d  the format ion o f  some 
2,4-dini t ro-1-naphthol . I n  an e a r l i e r  s tudy (8,9), 2,4-dini t r o - l -  
naphthol was a confirmed product  o f  the n i t r a t i o n  system when a mole 
r a t i o  o f  one o r  greater ,  sodium n i t r a t e  t o  1-naphthol -4-sul fonic  ac id,  
was reacted. 
E. P rec i s ion  Study 
The r e p r o d u c i b i l i t y  i n  the format ion o f  2 -n i  t ro -1  -naphthol-4- 
s u l  f o n i  c a c i d  was s tud ied  under the optimum n i  t r a t i o r ~  cond i t ions  o f  
10.95 M s u l f u r i c  ac id  a t  50 "C f o r  30 minutes. The p r e c i s i o n  o f  t h i s  
method was determined so t h a t  an ac tua l  i n te r fe rence ,  such as the 
presence o f  an i n t e r f e r i n g  fo re ign  ion ,  could be d i s t i ngu i shed  frorn 
normal v a r i a t i o n s  i hherent  Sn the spectrophotometr i  c procedure. 
N i t r a t e  samples conta in ing  4.00-ml a l i q u o t s  o f  a 1.000 x l o m 3  - M 
sodium n i t r a t e  s o l u t i o n  were reacted w i t h  1.00 m l  o f  2.000 x l o e 2  M 
z i n c  1-naphthol-4-sulfonate s o l u t i o n .  The mole r a t i o  sodi um n i t r a t e  
t o  reagent was 0.2. The absorbances o f  the d i l u t e d  reac t i on  mixtures 
were measured a t  384 nm. 
The p rec i s ion  o f  the method was q u i t e  good, as shown by the 
data presented i n  Table 6. The data show the p r e c i s i o n  t h a t  was 
obta ined from the ana lys is  o f  10 n i t r a t e  samples, s o l u t i o n s  numbered 
33 
Table 6. P rec i s ion  Data 
So lu t i on  A 8 Sol u t i  on A 8 So lu t i on  A 8 
N u h e r  384 nm Number 384 nm Number 384 nm 
Optimum Resul t s a  Long-Range ~ e s u l  t s b  
Mean Absorbance: 0.453 0.454 
Average De v i  a ti on : 0.001 3 0.0018 
Standard Devi a t i  on : 0.0019 0.0024 
Re1 a t i  ve Standard Devi a t i  on : 0.41 % 0.53 % 
a ~ o l u t i o n s  number 241-250 were prepared using one reagent s o l u t i o n  and 
one n i t r a t e  solution. The p rec i s ion  data ca l cu la ted  from t h e i r  
absorbance values have been l i s t e d  under optimum resu l  t s .  
b ~ o l  u t i  ons number 259-502 were prepared using three d i f f e r e n t  reagent 
so lu t i ons  and 3 d i f f e r e n t  n i t r a t e  so lu t i ons  over a 3-month per iod.  
The p rec i s ion  data ca lcu la ted using the  absorbance values o f  a l l  
s o l  u t i ons  have been 1 i s  ted  under the long-range resu l  t s .  
241-250, t h a t  were analyzed i n  a s i n g l e  day and presented as the "Optimum 
Results",  as w e l l  as the p rec i s ion  t h a t  was obta ined from n i t r a t e  sarr~ples 
which were run as standards f o r  the s tud ies  i n  t h i s  research and c o l l e c t e d  
over a 3-month p e r i o d  and l i s t e d  as the "Long Range Results".  The 
long-range p r e c i s i o n  o f  0.53 %, r e l a t i v e  standard dev ia t ion ,  which 
a1 so employed several reac t i on  so l  h t i ons  prepared over  the 3-month 
per iod ,  d i f f e red  o n l y  s l i g h t l y  from the  p r e c i s i o n  o f  0.41 %, r e l a t i v e  
standard dev ia t ion ,  obtained on a s i  ngl  e-day' s  run. The data i nd i ca ted  
t h a t  the r e l a t i v e  standard dev ia t i on  o f  t h i s  method f o r  the determinat ion 
o f  n i t r a t e  under i d e a l  cond i t ions  was lower i n  magnitude than the 
e r r o r  usual l y  encountered w i t h  the ins t rumenta t ion  empl oyed. 
F. I n te r fe rence  Study 
The e f f e c t  on the formation o f  2-n i  t ro-1-naphthol-4-sul f o n i  c  
a c i d  o f  several  f o re ign  ions t h a t  may be present  as i m p u r i t i e s  i n  
na tu ra l  waters was s tud ied  under optimum experimental  cond i t ions ,  as 
described i n  the p rec i s ion  experiments and the r e s u l t s  have been 
presented i n  Table 7.  A p a r t i c u l a r  f o r e i g n  i o n  was considered t o  
i n t e r f e r e  w i t h  the n i t r a t i o n  reac t i on  i f  the absorbance o f  the d i l  hted 
reac t i on  mix ture  t h a t  contained t h i s  species f e l l  ou ts ide  the range o f  
f 3 standard dev ia t ions  o f  the average value f o r  standard so lu t i ons  
run w i t h o u t  the fo re ign  i on .  From the  long-range r e s u l t s  o f  the 
p r e c i s i o n  study, which consis ted o f  the standards t h a t  were run w i t h  
the f o r e i  gn-ion i n te r fe rence  study, an average absorbance a t  384 nm 
o f  0.454 was obta ined w i t h  a standard dev ia t i on  o f  f 0.0024. Therefore, 
a species was considered t o  i n t e r f e r e  w i t h  the n i t r a t i o n  system i f  the 
absorbance o f  the d i  1  uted reac t i on  m ix tu re  t h a t  contained the species 
Table 7. The E f f e c t  of Foreign Ions 
Foreiqn I o n  Substance Conc. A @ Devi a t i  on a 
~ d d e d  Added ( P P ~ )  384 nm 
(ml) 
N a s  
N aE 
N a n  
N a& 
N a L  
N a 3  
NaClO 
-3 
N a 3  
NaBrO 
-3 
KIO 
-3 
3 
FeSO '7H 0 
- 4  2 
Mso4 7H20 
MnS04' H20 
- 
NiSO '6H 0 
- 4  2 
CoSO '7H 0 
- 4  2 
(%) 2S04 
PbS04 
- 
cuso4 
- 
CaS04 
- 
CaS04 
- 
.aldues JaqPM ' 
p-os euk paqeln3les a3ueqsqns 40 uokqe~qua3uo3 udd ayq s! s!yl, 
- 
0 N 19P'O 000 1 9s 00' 1 +++ 
- 
ON 19P'O 00 1 9s 01 '0 +++ 
- 
OEP'O 00 1 HO OSN H 01 '0 z z 
+ 129.0 002 0 HL. ( OS)% ,P ! 10s 2 EP 
ON PSP '0 002 'OSW ,P!LOS 
0 N PSP '0 0' SZ 'OS% 00' 1 
0 N SSP ' 0 002 O~HZ .mZe N 00' 1 
LLZ'O LI7-2 0.02 O~HOL.OB~N 
ZSP '0 L-et7 0-oz O~HOL. O~PN 
LSP'O z z*-1- 0'02 0 HE* 0 H 3 eN 
09P '0 0'02 2 +z 0 HZ* OOW eN 
LSP'O 0 ' OZ z l7-z 0 H. Od HeN 
~SP '0 O'OZ QSze 
6PP'O 0'02 E~z, N 
6SZ'O O'OZ 2 E-2-2 0 HS- 0 S eN 
OPL '0 0'02 oZ-Z1 
090' 0 0 OZ %z34 
uu P8E ( Lu) (wdd Pappy Pappy 
uo ~qe !~aa @W ;3u03 a3 ueq sqn s UOI u6!a~oj 
37 
f e l l  ou ts ide  the  absorbance range o f  0.454 + 0.007. I n  Table 7, a  p lus  
s ign  (+) , No, o r  negat ive s ign  ( - )  under the  column headed "Deviat ion", 
r e f e r r e d  t o  whether the added fo re ign  i o n  i n t e r f e r e d  by i nc reas ing  the 
absorbance, d i d  n o t  i n t e r f e r e ,  o r  i n t e r f e r e d  by decreasing the absorbance, 
respect ive ly .  The more common ions  usua l l y  found i n  n a t u r a l  waters t h a t  
i n t e r f e r e d  i n  the  n i t r a t i o n  system inc luded  n i t r i t e ,  ch lor ide ,  i r o n ,  
and magnesium. As expected, most o x i d i z i n g  agents and reducing agents 
i n t e r f e r e d  w i t h  the r ~ i  t r a t i o n  system. 
Chlor ide ion ,  a  species found i n  n a t u r a l  waters a t  var ious l e v e l s  
as we1 1  as one t h a t  i s  usua l l y  a  r r~a jor  o f fender  w i t h  the m a j o r i t y  o f  
methods based upon a  n i t r a t i o n  system, and s i l v e r  i on ,  a  species comonly  
used f o r  the  removal o f  c h l o r i  de, were examined i n  deta i  1  , and i n t e r -  
ference thresholds were determined f o r  these by vary ing t h e i r  concen- 
t r a t i o n s  i n  a  se r ies  o f  n i t r a t e  samples. The in te r fe rence  th resho ld  
data f o r  ch lo r ide  and s i l v e r  are presented i n  Tables 8 and 9, respect ive ly .  
The in te r fe rence  th resho ld  f o r  c h l o r i d e  i o n  was found t o  l i e  between 
1.0 and 2.0 ppm. I n  us ing the pheno ld isu l fon ic  a c i d  method f o r  the 
determinat ion o f  n i  t r a t e ,  the Amerl can Water Works Associ a t i o n  (12) 
described t h a t  even a  small  concentrat ion o f  c h l o r i d e  r e s u l t e d  i n  
n i t r a t e  loss  and t h a t  the ch lo r ide  content  should be reduced below 
10 ppm. For s i l v e r  ion ,  the  i n t e r f e r e n c e  th resho ld  was found t o  l i e  
between 175 and 200 ppm as i n d i c a t e d  i n  Table 9. The re1 a t i v e l y  h igh  
concentrat ion o f  s i l v e r  i o n  over ch lo r ide  i o n  t h a t  was compatable 
w i t h  t h i s  n i t r a t i o n  system, al lowed the  a d d i t i o n  o f  a  known amount o f  
s i l v e r  s o l u t i o n  t o  a  water sample conta in ing  a  small  amount o f  c h l o r i d e  
as described i n  the proposed procedure f o r  the determinat ion o f  n i t r a t e  
i n  water.  
Table 8. Chlor ide In te r fe rence  Threshold Data 
~ 1 -  Concentrat i  ona A @ 
( W )  (PPm) 384 nm 
a The ppm concentrat ion o f  c h l o r i d e  i o n  was 
ca l cu la ted  from the mg ch lo r i de  i n  a 50-ml 
water  sample. 
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G .  Beer 's  Law 
The e f fec t  o f  v a r i e d  n i t r a t e  concentrat ions on the  n i t r a t i o n  
system was s t u d i e d  i n  10.95 M s u l f u r i c  a c i d  a t  50 O C .  The o b j e c t i v e  
was t o  determine the work ing range o f  n i t r a t e  n i t r o g e n  t h a t  cou ld  be 
determined by the  r e a c t i o n  w i t h  z i n c  1-naphthol-4-sul  fonate. Since 
2-ni  t r o -1  -naphthol-4-sul  f on i  c ac id,  the produc t  o f  the n i  t r a t i  on 
system, shows wavelength maxima a t  384 nm i n  a c i d i c  medi um and a t  
432 nm i n  b a s i c  medi um (1  31, Beer 's-1 aw s tud ies  were conducted a t  both 
wavelengths. The Beer 's- law curves f o r  the n i  t r a t i o n  sys tem i n  a c i d i  c 
medium and i n  bas i c  medium are shown i n  Figures 8 and 9, respec t i ve l y .  
I n  a c i d i c  medium, n i t r a t e  samples t h a t  conta ined from 0.28 t o  
2 .8  ppm n i t r a t e  n i t r ogen ,  were reac ted  w i t h  a 2.00 x l o m 3  - M z i n c  
1-naphthol -4-sul fonate so l  u t ion ,  so t h a t  the maximum mole r a t i o  sodi um 
n i t r a t e  t o  reagent  was 0.5. The absorbances o f  the  d i l u t e d  r e a c t i o n  
mixtures,  which conta ined 1.10 - M s u l f u r i c  ac id ,  were measured a t  384 nm. 
Beer 's  1 aw was obeyed over  the en ti r e  n i  t r a t e - n i  t rogen range o f  0.28 t o  . 
2.8 ppm. This l i n e a r i t y  o f  the work ing curve through the  absorbance 
range o f  0 t o  1.14 i n d i c a t e d  t h a t  a work ing curve cou ld  be ob ta ined f rom 
a minimum number of  n i t r a t e  standards and s t i  11 achieve a h igh  degree 
o f  accuracy. 
For  the  Beer 's-  1 aw study o f  the n i  t r a t i o n  sys tem i n  bas i  c 
medium, the general  r eac t i on  procedure was employed except  t h a t  a f t e r  
the  r e a c t i o n  was quenched w i t h  i ce-cold water ,  25 m l  o f  12 fi sodium 
hydrox ide were s low ly  added. The f l a s k s  were equi l i b r a t e d  t o  room 
temperature and d i  1 u ted  t o  volume, and the absorbar~ces o f  the s o l u t i o n s  
were measured a t  442 nm. The d-i l u t e d  r e a c t i o n  mixtures i n  100-rnl 
PPM 
Figure 8. Beer 's- law p l o t  o f  2-ni  tro-1-naphthol-4-sulfonic a c i d  as a f u n c t i o n  o f  n i  t r a t e - n i t r o g e n  
concentrat ion:  4.000 x 10-4 M reagent, 2.000 x 10-5 t o  2.000 x 10-4 - M NaN03, 10.95 1 
H2SO4, temperature o f  50 OC, and t ime o f  30 minutes 
-v 
-I. ABSORBANCE at 442 WVL 
vol  m e t r i c  f l asks  contained 1.9 fi sodi um hydroxide. Beer's law was 
obeyed over the n i  t r a t e - n i  trogen range o f  0.1 4 t o  1.4 ppm. The working 
curve was l i n e a r  over the e n t i r e  absorbance range o f  0 t o  1.02. A 
s i g n i f i c a n t  advantage i n  using the 442 nm wavelength maximum f o r  the  
reac t i on  product  i n  bas ic  medi um, was the approximate two fo ld  increase 
i n  s e n s i t i v i t y  t h a t  resul ted.  An i n t e r e s t i n g  phenomena t h a t  could n o t  
be expla ined was the s h i f t  i n  an absorbance maximum f o r  the  2 - n i t r o - l -  
naphtholate-4-sulfonate d ianion f r o m  the reported 432 nm ( 7 )  t o  the 
exper imental ly  observed wavelength maximum a t  442 nm. Possib ly ,  t h i s  
s h i f t  may have resu l ted  f r o m  s o l u t i o n  e f f e c t s  produced on t h e  product  
by the d i  1 uted reac t i on  mixture.  
The reac t ion  o f  z inc  1-naphthol-4-sulfonate w i t h  n i t r a t e  was 
s tud ied  i n  d e t a i l ,  and the optimum reac t ion  parameters o f  temperature, 
t ime, s u l f u r i c  a c i d  concentrat ion and n i t r a t e  concentrat ion are 
summarized i n  Table 10. The optimum n i t r a t i o n  cond i t ions  were a 0.5 mole 
r a t i o  o r  less  o f  n i t r a t e  n i t rogen  t o  z i n c  1-naphthol-4-sulfonate, i n  
an 11.0 f 0.2 - M s u l f u r i c  a c i d  medium a t  a reac t i on  temperature o f  50 "C 
f o r  30 m i  nu tes . 
The proposed method may be app l icab le  t o  water  samples conta in ing  
n i t r a t e - n i t r o g e n  concentrat ions a t  e i t h e r  o f  two leve ls  determined by 
the  f i n a l  pH o f  the d i l u t e d  reac t ion  mixtures.  D i l u t i o n  o f  the  s u l f u r i c  
a c i d  reac t i on  mixtures w i t h  water,  f o l  lowed by the d i  r e c t  absorbance 
measurements a t  384 nm, i s  app l icab le  t o  water  samples conta in ing  f r o m  
0.028 t o  2.8 ppm n i t r a t e  n i t rogen.  Neutralization o f  the  reac t i on  
mixtures w i t h  a1 k a l i  , subsequent d i  1 llti on w i t h  water,  and measurement 
of the absorbances a t  442 nm, al lows the  determinat ion o f  n i t r a t e  l e v e l s  
i n  water  ranging from 0.014 t o  1.4 ppm n i t r a t e  n i t rogen.  This l a t t e r  
procedure provides an approximate two-fo l  d increase i n  sensi ti v i  ty. 

H. Natural-Water Samples 
Before a na tura l -water  sample was tes ted  f o r  n i t r a t e  
concentrat ion by the proposed method, i t was necessary t o  f i  r s  t 
determine the  recovery o f  n i t r a t e  i n  s tandard -n i t ra te  samples. 
Fol lowing the pret reatment  steps f o r  the removal o f  co lo r ,  n i t r i t e ,  
and ch lo r i de ,  n i t r a t e  n i t rogen  i n  standard samples was determined 
by the proposed method. Several standards were n o t  subjected t o  
water  pret reatment  steps, b u t  were subjected o n l y  t o  the spectro-  
photometr i  c  procedure f o r  n i  t r a t e  determinat i  on. The p e r t i n e n t  
r e s u l t s  from t h i s  study are presented i n  Table 11. 
The r e s u l t s  from the determinat ion o f  n i t r a t e  i n  s tandard 
n i t r a t e  samples, w i t h  and w i  t hou t  water  pret reatment  steps, would 
prov ide  data f o r  an eva lua t i on  o f  the proposed method. The data 
would c l e a r l y  i n d i c a t e  losses i n  n i t r a t e  recovery r e s u l t i n g  from the 
sample pret reatment  steps as w e l l  as n i t r a t e  losses t h a t  r e s u l t  
f rom the  proposed spectrophotometr ic procedure. Also, the 
c a l c u l a t i o n  o f  s t a t i s t i c a l  data f o r  the two se ts  o f  samples would 
prov ide  an est imate o f  the accuracy and p r e c i s i o n  o f  the proposed 
rrle thod . 
The data obta ined from the determinat ion o f  n i t r a t e  i n  
untreated standards (standards t h a t  were n o t  subjected t o  water  
pret reatment  s teps)  gave an average absorbance o f  0.451, which 
corresponded t o  1.11 ppm n i  t r a t e  n i  trogen. A comparisi on o f  the 
exper imenta l l y  found average absorbance val ue w i  t h  the t h e o r e t i c a l  l y  
ca l cu la ted  absorbance o f  0.448, gave a 101 % average recovery o f  
n i t r a t e  from the  determinat ion o f  6 samples. This h igh  recovery 
Table 11. Resul ts  on Standard N i t r a t e  Samples w i t h  and wi thou t  Water 
P r e t r e a t m n  t Steps  Using the  Proposed Spec t ropho tomt r i  c procedurea 3b 
Untreated Standards Treated Standards 
A 8 NO; A 8 NO; Recovery 
384 nm PPm 384 nm PPm % 
Average 0.451 1 . l l  0.225 0.56 50 
Std .  Dev. 0.003 0.060 
a ~ a c h  s tandard  n i t r a t e  sample contained 0.340 mg sodium n i t r a t e  and was 
prepared from a 4.00 ml a l i q u o t  o f  1.00 x l ov3  - M sodium n i t r a t e  so lu t ion .  
b ~ r e a t e d  s tandards  were sub jec t ed  t o  t h e  wa te r  p re t r ea tmen t  procedure f o r  t h e  
removal o f  c o l o r ,  n i t r i t e ,  and ch lo r ide  , whi le  un t r ea t ed  s t anda rds  were not.  
o f  known concentrat ion of  n i t r a t e  i n d i c a t e d  t h a t  the proposed 
spectrophotometr ic procedure was very accurate. Also, h igh  
p rec i s ion  was achieved w i t h  the proposed method, as i n d i c a t e d  by 
the low standard dev ia t i on  o f  0.003. 
The determi na t i on  of  n i  t r a t e  i n  t rea ted  standards (s tandard 
n i t r a t e  samples t h a t  were subjected t o  the water  pret reatment  steps 
f o r  the  removal of co lo r ,  n i t r i t e ,  and c h l o r i d e )  y i e l d e d  an average 
absorbance of  0.225, which corresponds t o  0.56 ppm n i t r a t e  n i t rogen.  
A comparison of t h i s  data w i t h  the data from the unt rea ted  
standards gave n i t r a t e  recover ies ranging frorn 31 % t o  73 %, w i t h  
an average n i t r a t e  recovery o f  50 %. The low recover ies o f  n i t r a t e  
were accompanied by low p rec i s ion ,  as shown by the l a r g e  standard 
dev ia t i on  o f  0.060 t h a t  was ca l cu la ted  frorr~ the data. 
The low accuracy and p rec i s ion  t h a t  were ob ta ined f o r  the  
determinat ion of n i t r a t e  i n  t r e a t e d  standards r e s u l t e d  from n i t r a t e  
losses t h a t  occurred dur ing  the  water  pret reatment  steps. The 
pret reatment  steps were s i m i l a r  t o  those employed i n  the  phenol- 
d i s u l f o n i c  ac id  method f o r  the determinat ion o f  n i t r a t e  i n  water  (12) .  
When consi der ing  the chemistry associ ated w i  t h  the pret reatment  
procedures, several  steps may perhaps be responsib le f o r  n i t r a t e  
losses a t  t he  ppm l e v e l s .  I n  the s tep  f o r  t he  ox ida t i on  o f  n i t r i t e  
t o  n i  t r a t e  , ac i  d i  f i  ca t i on  w i  t h  s u l  f u r i  c  s c i  d  may produce n i  t r a t e  
losses through the  evo lu t i on  o f  n i t r i c  acid. I n  t h i s  same s tep  
and dur ing  removal o f  c o l o r  by f l o c c u l a t i o n  w i  t h  a1 umi num hydroxi  de, 
n e u t r a l i z a t i o n  o f  the  a c i d i c  s o l  u t i  on p r e c i  p i  ta tes  hydrous manganese 
d iox ide  and hydrous a1 uminum oxide as w e l l  as metals t h a t  may be 
present  i n  some na tu ra l  waters i n  h igh  concentrat ions,  and thus 
may produce n i t r a t e  losses through coprec ip i  t a t i  on. I n  the sample 
evaporat ion s tep,  absorbed carbon d iox ide  may lower the s o l u t i o n  pH t o  
produce 1 oss o f  n i t r a t e  as n i  tri c acid. 
Using the proposed method, the n i  t r a t e  concent ra t ion  was determined 
i n  a na tura l -water  sample ob ta ined from the Carbondale C i  t y  Reservoi r, 
Carbondale, I 1  l i n o i s .  A l i quo ts  o f  the  water  sample, bo th  "spiked" 
w i t h  a known amount o f  n i t r a t e ,  and unspi ked, were sub jec ted  t o  the 
water  p re t rea tment  steps f o r  the  rernoval o f  co lo r ,  n i t r i t e ,  and ch lo r i de .  
The low c h l o r i d e  concent ra t ion  found i n  the n a t u r a l  water,  a1 lowed the 
removal o f  t h i s  contaminant by the a d d i t i o n  o f  a t o l e r a b l e  excess o f  
s i l v e r  s u l f a t e  s o l u t i o n .  The p e r t i n e n t  data from the de termina t ion  o f  
n i t r a t e  i n  the  na tu ra l -wa te r  sample are presented i n  Table 12. 
The n i t r a t e  determinat ions on the n a t u r a l  water  and "spiked" water  
were repeated 6 t imes i n  o rder  t o  have s u f f i c i e n t  da ta  f o r  the 
c a l c u l a t i o n  o f  meaningful , s t a t i s t i c a l  data. The standard dev ia t i on  of 
0.009 ca l  cu l  a ted from the n i  t r a t e  concentrat ions found i n  the "unspi ked" 
water  samples i n d i c a t e d  t h a t  an acceptable l e v e l  o f  p r e c i s i o n  was 
achieved by the proposed method. The 1 a rge r  s tandard d e v i a t i o n  o f  
0.032 c a l c u l a t e d  f o r  the "spiked" wa te r  samples i n d i c a t e d  t h a t  lower 
p r e c i s i o n  was achieved a t  the  h i g h e r  n i t r a t e  l e v e l .  
The experimental  recovery o f  t h e  n i t r a t e  added t o  t he  "sp iked"  
water  samples ranged from 70 t o  90 %, w i t h  an average recovery of  80 % 
f o r  s i x  r e s u l t s .  The 0.340 mg o f  sodium n i t r a t e  t h a t  was added t o  t he  
"sp iked"  water  samples was equ i va len t  t o  the we igh t  o f  sodium n i t r a t e  
i n  the  standards, whose data are presented i n  Table 11. Therefore, 
f o r  a 100 % recovery o f  t h e  "spiked" n i t r a t e  over  the n i t r a t e  conten t  
i n  the  water  sarnple, a d i f f e r e n c e  i n  absorbance o f  0.451 between the  
Table 12. Determination of Ni t ra te  i n  a Natural-Water Sample 
Water Samples "Spiked" Water sampl esa 
Recovery b 
% 
Average 0.110 0.28 
Std.  dev.: 0.009 
a ~ h e  "spike" consisted of a 4.00 m1 a l iquo t  of 1 .OO x fi sodium n i t r a t e  so lu t i on ,  the same amount of 
n i t r a t e  i n  standards i n  Table 11. 
b ~ h e  recovery o f  "spiked" n i t r a t e  i n  the water  samples was based upon the recovery o f  n i t r a t e  i n  
standards not  subjected t o  water pretreatment s t eps .  A 0.451 absorbance f o r  the spiked water sample 
higher than the 0.110 average absorbance f o r  the water sample would ind ica te  100 % recovery. 
"sp iked" water  sample and the "unspi ked" water  sample should have 
been observed. This d i f f e r e n c e  i n  absorbance would be q u i v a l e n t  t o  1.11 
ppm n i t r a t e  n i t rogen .  Also, an absorbance o f  0.561 f o r  the  spiked water  
sample would i n d i c a t e  100 % recovery. 
The l a rge  range i n  recovery values i s  n o t  uncomon f o r  methods 
p resen t l y  i n use f o r  the deterur inat ion o f  n i  t r a t e  i n  n a t u r a l  waters. 
Greenberg & d. (14) s tud ied  the  accuracy and p r e c i s i o n  o f  the 
phenoldi  s u l  f o n i  c  ac i  d  method and repor ted  an average range o f  recover ies 
vary ing  frorn 92.1 % t o  115.8 %. For eval  u a t i  on purposes, Abercrombie 
and Caskey ( 9 )  employed the pheno ld i su l f on i c  a c i d  method f o r  the 
determinat ion o f  n i t r a t e  i n  na tu ra l  waters and obta ined n i t r a t e  
recover ies ranging from 45 % t o  115 %. 
I n  o rde r  t o  evaluate e i t h e r  the  p r e c i s i o n  o r  the accuracy of the  
proposed spectrophotometr i  c  method f o r  the determi n a t i o n  o f  n i  t r a t e ,  a 
c a r e f u l  eva lua t i on  o f  the  data i n  Tables 11 and 12 must be made. Also, 
the sample pret reatment  procedure must be de le ted  from t h e  proposed 
spectrophotometr i  c  procedure before the l a t t e r  i s  evaluated. The 
sample pret reatment  procedure was s imi ' lar  t o  the procedure employed i n  
the pheno ld i su l f on i c  a c i d  method and accepted by the American Water 
Works Associat ion (12) .  I n  eva lua t i ng  the data presented i n  Tables 
11 and 12 f o r  the recover ies o f  n i t r a t e  found i n  standards and water  
samples, the lower p r e c i s i o n  and accuracy appeared t o  r e s u l t  frorn 
n i t r a t e  losses w i t h i n  the pret reatment  procedures. I n  Table 11 good 
p r e c i s i o n  and accuracy were obta ined w i t h  un t rea ted  n i t r a t e  standards, 
w h i l e  lower r e s u l t s  were obta ined f o r  n i t r a t e  standards t h a t  were 
c a r r i e d  through the pret reatment  steps. An irnprovement i n  the  
pret reatment  steps would produce an equ iva len t  improvement i n  the 
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the Examination o f  Water and Wastewater". The system conformed t o  
Beer's law from 1.4 t o  140 pg n i  trate-N/50-ml water  sample f o r  
absorbance measurements a t  384 nm, an absorbance maximum f o r  the 
n i t r a t i o n  product  i n  an a c i d i c  medium. By using the 442 nm absorpt ion 
maximum f o r  the  n i t r a t i o n  product  i n  a basi c medi um, Beer's law was 
cor~fonned from 1.4 t o  140 pg nitrate-N/100-ml water  sample. 
The proposed spectrophotometri c procedure was shown t o  be h i g h l y  
accurate arld prec ise  f o r  n i t r a t e  recovery i n  standard, n i t r a t e  samples, 
g i v i n g  an average n i t r a t e  recovery o f  101 % w i t h  a standard dev ia t i on  
o f  0.003 f o r  6 deterrr~inat ions. U t i l i z a t i o n  o f  a water  pretreatment  
procedure currerl t l y  empl oyed i n  the phenol d i  s u l  f on i  c ac i  d method f o r  
t h e  removal o f  co lor ,  n i t r i t e ,  and ch lo r ide  i n  n a t u r a l  water  samples 
decreased the accuracy and p r e c i s i o r ~  f o r  n i  t r a t e  recovery. 
N i t r a t e  was determined i n  natura l -water  samples us ing  the 
proposed spectrophotometr ic method. The observed p rec i s ion  was on ly  
s l i g h t l y  poorer  than t h a t  observed f o r  standards, b u t  the observed 
recovery o f  n i t r a t e  was corr~parable t o  t h a t  o f  the pheno ld isu l fon ic  
a c i d  method. 
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Chapter 2 
ZINC 1 -NAPHTHOL-4-SULFONATE AS A REAGENT FOR THE 
SPECTROPHOTOMETRI C DETERMINATION OF NITRITE I N  WATER 
Jean C. Lewis Swan and A l b e r t  L. Caskey 
I. I NTRODUCTTON 
Nitrogen, l i k e  a1 1 o the r  elements i nvo l ved  i n  1 i f e  processes, i s  
cyc led  through a h i g h l y  ordered pa t te rn .  There are many poss ib le  paths 
a s i n g l e  r ~ i t r o g e r ~  atorn may fo l low around the  cyc le,  b u t  i t  i s  sub jec t  
t o  phys ica l  and chemical laws. The o b j e c t  o f  s c i e n t i f i c  thought and 
research i s  t o  d iscover  t h i s  t r u e  order ,  and t o  de f i ne  laws. The 
r e a l i z a t i o n  t h a t  t h e  universe i s  n o t  randomly chaot ic ,  b u t  t he  o r d e r l y  
and cons i s ten t  c rea t i on  o f  a reasonable God, provides a basis  f o r  
e f f o r t s  t o  d i  scover--vi  a  reason, i n c l u d i n g  the  s c i e n t i f i c  method-- 
t r u t h s  i n  the  universe. 
The scope o f  human observat ion and eva lua t i on  o f  the  universe i s  
l i m i t e d  by the  r e s o l u t i o n  o f  o u r  instruments and by the f i n i t e n e s s  of 
our  minds, b u t  our  very rea l  a b i l i t y  t o  conceive o f  i n f i n i t y  suggests 
t h a t  t he re  i s  no end t o  the  o rde r  o f  ou r  environment, as w e l l  as no 
p o s s i b i l i t y  o f  our minds exhaust ive ly  understanding it. 
A l l  t he  cyc les o f  l i f e  processes, whether they be o f  elements, 
water  o r  o f  seasons and forces i n  and around the  ear th,  may be 
p i c t u r e d  as an e labora te  web--paths o f  ma t te r  d i r e c t e d  by predetermined 
order .  
Ni t rogen i s  essen t i a l  t o  l i f e  i n  t h a t  i t  i s  requ i red  f o r  the  
b iosynthes is  o f  p ro te ins ,  n u c l e i c  acids and v i tamins.  While there  i s  
an abundance of  n i t rogen,  N2, i n  the  atmosphere, n i t rogen  i n  t h i s  form 
i s  re1 a t i v e l y  chemical ly  i n e r t  and most organisms must assimi 1  ate 
n i t rogen  i n  combined form.. Ammonia, n i t r i t e  i o n  amd n i t r a t e  i o n  are 
present  i n  low concentrat ions i n  s o i l s  and na tu ra l  waters, so t h e i r  
supply must be replenished as i t  i s  used. Ni t rogen i s  cyc led  through 
1  i v i n g  organisms v i a  n u t r i t i o n a l  interdependence. 
Green p lan ts  ass im i l a te  n i t rogen  as n i t r a t e  from the s o i l  and 
reduce i t  t o  ammonia, and w h i l e  t he  reduct ion  i s  n o t  energy y i e l d i n g ,  
i t  puts the  n i t rogen  i n  a  form usefu l  f o r  b iosynthes is .  Amino acids 
which are then synthesized are most ly  f o r  p r o t e i n  synthesis  s ince  
p lan ts  grow cont inuously ,  b u t  they are a l so  used f o r  o x i d a t i v e  
catabol ism. 
I n  add i t ion ,  green p lan ts  may ass im i l a te  n i t r o g e n  i n  the  form o f  
amrnoni a  which i s  provided by n i  t r o g e n - f i  x i  ng b a c t e r i  a. These 
m i  croorgar~isms have the  abi  1  i t y  t o  reduce atmospheric molecul a r  
n i t rogen  (N2), though n o t  i n  an energy y i e l d i n g  reac t l on ,  and 
incorpora te  the  r e l a t i v e l y  i n e r t  N2 i n t o  the l i f e  cyc le.  Ni t rogen 
i s  a1 so l o s t  from 1  i f e  processes t o  the atmosphere as N2 as the  
r e s u l t  o f  d e n i t r i f i c a t i o n  by o the r  b a c t e r i a  which use n i t r a t e  as 
t h e i r  te rmina l  e l  ectron-acceptor.  
When animals i n g e s t  p l a n t  p ro te in ,  i t  i s  hydro1 i z e d  and then i s  
e i t h e r  reassembled as animal p ro te in ,  o r  i s  ca tabo l ized f o r  energy 
and u l t i m a t e l y  excreted as urea, amnonia o r  u r i c  acid, depending on the 
animal. Upon death o f  the animal, deamination o f  amino acids dur ing  
decomposition releases ammonia. During t h i s  process o f  ammoni f i  ca t ion  
i n  animals, the  n i t rogen  remains l a r g e l y  i n  i t s  reduced form. 
Most microorganisms can use ammonia as t h e i r  on l y  o r  main 
r ~ i  trogen source inco rpo ra t i ng  i t  by amination, w i t h  no reduct ion  steps 
necessary. Also, n i t r i f i c a t i o n  i s  performed by two groups o f  
obl i g a t e l y  aerobic chemoli tho t roph i  c bac te r ia .  Bac te r ia  o f  the  
genus Ndrrohomonas o x i d l z e  arnmoni a t o  n i t r i t e ,  and b a c t e r i a  o f  the 
genus NLt/robac;terr ox id i ze  n i t r i t e  t o  n l t r a t e ,  both f o r  t he  purpose o f  
ob ta in ing  energy. Thus the  n i t r a t e  supply f o r  p lan ts  i s  replenished. 
An abundance o f  n i t r a t e  i n  the s o i l  enhances p l a n t  growth, and 
so n i  trogen-contai n ing  f e r t i  1 i zers are appl i e d  t o  crop1 ands. The 
n i t rogen  may be app l ied  i n  the form o f  n i t r a t e  o r  ammonia. I n  the  
l a t t e r  case, i t  i s  ox id ized by the s o i l  b a c t e r i a  (above) p r i o r  t o  
a s s i m i l a t i o n  by the p lan t .  However, s ince n i t r a t e s  are water 
so l  uble, they are e a s i l y  leached, and erosion o f  f e r t i  ll zed s o i l  
may lead t o  t h e i r  accumulation i n  ponds. Algae and fung i  growing 
i n  the  ponds ass im i la te  n i t r a t e ,  reducing i t  t o  ammonia f o r  amination. 
I n  such a reducing atmosphere, n i t r i t e  i s  shor t -1 ived. 
I n  s t i l l ,  q u i e t  water t h a t  i s  r i c h  i n  f e r t i l i z e r  runo f f ,  algae 
w i  11 grow abnormal l y  f a s t ,  u n t i  1 w i thou t  enough natura l  feeders 
present, the  sur face o f  the  water  becomes covered w i t h  algae. This 
blocks s u n l i g h t  t o  water below, causing the algae i n  the lower 
1 ayers t o  die. The pond i s  then no longer  a reducing medium and 
n i  tri t e  may accumulate. 
An accurate method f o r  t he  determinat ion o f  n i t r i t e  would he lp  
t o  i n d i c a t e  n i t r i t e  po l  1 u t i  on i n  waters a f f e c t e d  by f e r t i  1 i zer  r u n o f f .  
N i t r i t e  i t s e l f  i s  dangerous i n  t h a t  one of i t s  decomposit ion products,  
n i t r i c  oxide, i s  ab le t o  complex i r r e v e r s i b l y  w i t h  the hemoglobin 
molecule i n  t he  p lace o f  oxygen. N i t r i t e  i s  a l so  known t o  r e a c t  
w i t h  secondary amines i n  a c i d  (such as i n  t he  d i g e s t i v e  t r a c t )  t o  
form carc inogenic  n i t rosamines.  These are  f a c t s  which make i t  
des i rab le  t o  have knowledge concerning n i  tri t e  concentrat ions i n  the 
aqueous envi  ronment . 
However, many threads--not f a c t s - - o f  o t h e r  evidences a1 so e x i s t .  
The t e n t a t i  ve concl usion o f  recent  research whi ch s tud ied  deaths from 
cancer i n  t he  town o f  Worksop, Nott inghamshire, England, and which 
was repor ted  i n  t he  Bk i t i nh  S o m a t  od Canceh, i n d i c a t e d  d r i n k i n g  
water  con ta in ing  unusual l y  h igh concentrat ions o f  n i t r a t e  may increase 
the  inc idence o f  cancer o f  t he  stomach. Comparisions were made w i t h  
nearby towns where much lower concentrat ions o f  n i t r a t e  were observed, 
and i t  was shown t h a t  stomach cancer was the cause o f  27 percent  more 
f a t a l i t i e s  i n  Worksop. Worksop's water  contained 90 mg n i t r a t e  per  
1 i t e r ,  which was be l i eved  t o  come from t r e a t e d  sewage. Was the  r e a l  
c u l p r i t  n i t r i t e ,  and n o t  n i t r a t e ?  To study t h a t  quest ion,  a method 
i s  needed which determines n i t r i t e  i n  the  presence o f  r e l a t i v e l y  
l arge concentrat ions o f  n i t r a t e .  
11. HISTORICAL 
W i  tt and Kaufrr~ann (1 ) , i n  1891 , f i r s t  descr ibed  t he  syn thes i s  
o f  2 -n i  t roso-1-naphthol -4-su l  f o n i c  a c i d  f rom sodi  urn 1  -naphthol-4- 
s u l  fona te  and sodi  urn n i t r i t e .  The sodium 1-naphthol  -4 -su l fona te  was 
d i sso l ved  i n  water,  and t h e  r e s u l t i n g  s o l u t i o n  was a c i d i f i e d  w i t h  
h y d r o c h l o r i c  a c i d  and subsequent ly was w e l l  cooled. To t h i s  c o l d  
s o l  r ~ t i o n ,  a  concen t ra ted  s o l  u t i o n  o f  sod i  um n i t r i t e  was added dropwise. 
The c r y s t a l l i n e  p roduc t  was s u c t i o n  f i l t e r e d ,  d i sso l ved  i n  h o t  wa te r  
and r e p r e c i  p i  t a t e d  by a d d i t i o n  o f  h y d r o c h l o r i  c  ac i  d. The 1  arge 
ye1 low-brown c r y s t a l s  o f  t he  product ,  t h e  f r e e  a c i d  ( n o t  t he  sodi  um 
s a l t )  , were ob ta ined  i n near  quan t i  t a t i  ve y i  e l  d. 
Recent work i n  t h i s  l a b o r a t o r y  has shown t h a t  severa l  
r e c r y s t a l  1 i za t i ons  and a i  r d r y i n g  y i e l  d  t he  t e t r a h y d r a t e .  Dryi ng t o  
cons tan t  we igh t  a t  115 O C  g ives  t he  one-ha1 f hydra te ,  a  very  hygroscopic  
and t h e r m a l l y  uns tab le  m a t e r i a l .  The anhydrous a c i d  may be prepared 
ove r  anhydrous magnesium p e r c h l o r a t e  i n  vacuum a t  room temperature.  
The w a t e r - f r e e  compound i s  very  s o l u b l e  i n  aqueous a1 coho1 , g i v i n g  a  
s t r o n g l y  a c i d i c  s o l u t i o n ,  and cons iderab ly  l e s s  s o l u b l e  i n  wa te r  and 
aqueous h y d r o c h l o r i c  ac id .  
I t  seems reasonable t o  expec t  t he  syn thes i s  o f  2-n i  t r o s o - l -  
naph tho l -4 -su l  f o n i c  a c i d  t o  f o l l o w  a  c l a s s i c a l  mechanism. The r e a c t i o n  
p robab ly  i n v o l v e s  a roma t i c - r i ng  n i  t r o s a t i o n  i n  which t he  n i  t r o s o n i  um 
t i o n ,  NO , a t tacks  t he  1-naphthol -4-su l fonate i o n  by e l e c t r o p h i l i c  
t 
aromat ic  s u b s t i t u t i o n ,  d i s p l a c i n g  H . The hydroxy group i s  a  s t r o n g l y  
a c t i v a t i n g ,  a ~ z a - p a h a  d i r e c t o r  w h i l e  t he  s u l f o n i c  a c i d  group i s  a  
d e a c t i v a t i n g ,  mcta d i  r e c t o r .  The n i  t r o s o n i  um i o n  t h e r e f o r e  d i s p l  aces 
t he  Ht a t  t he  number-2 pos i  ti on. 
+ NO' - 
S03 
1-Naphthol-4-sul fona te  I o n  
- 
--L 
N02 + H+ HONO --r [H~ONO'] ----+ H20 H + 
The red-co l  ored, water-so l  ub le  complex whi ch i s  formed between 
2 - n i  t roso-1-naphthol -4-su l  f o n i c  a c i d  and cobal t ( I 1 )  , was i n v e s t i g a t e d  
by Wise and Brandt  ( 2 )  f o r  use as t h e  bas i s  f o r  a  spec t ropho tomet r i c  
method t o  q u a n t i  t a t i  v e l y  determine cobal t. They r e p o r t e d  t h a t  t he  
reagent  r e a c t s  w i t h  c o b a l t ( I 1 )  i n  aqueous s o l u t i o n  a t  a  pH o f  
6.8 - 10.8 t o  g i v e  cons tan t  absorbance readings a t  525 nm, an 
abso rp t i on  maxim~~m f o r  t he  complex. A pH o f  7.8 was chosen by Wise 
and Brandt  f o r  t h e i r  work, because a t  a  pH o f  7.0 t h e  absorbance o f  
t he  complex a t  525 nm i s  a t  a  maximum, and t he  absorbance o f  t he  
reagent ,  which i s  i n  excess, i s  a t  a  minimum. Sodium hydrox ide  was 
used f o r  n e u t r a l i z a t i o n  s i nce  amnoni um hydrox ide  i n t e r f e r e s  by forming 
complexes between amnoni a  and cobal t ( I  I ) . 
The system i s  s t a b l e  w i t h  r e s p e c t  t o  t ime  ( a t  l e a s t  t h r e e  months), 
t o  t he  temperature o f  t he  r e a c t i o n  (10 - 95 "C), and t o  t h e  temperature 
o f  t h e  reac tan t s ,  p rov ided  t h e  temperature o f  t h e  system a t  t he  t ime  
o f  absorbance measurement i s  cons tan t .  
The r a t i o  o f  reagent  t o  c o b a l t  concen t ra t i on  shou ld  be such t h a t  
enough reagent  ( l i g a n d )  i s  p resen t  t o  complex a1 1 o f  t h e  c o b a l t .  
H igher  r a t i o s  a t  a  pH o f  7, w i l l  n o t  s i g n i f i c a n t l y  i nc rease  t he  
absorbance a t  525 nm. A l i g a n d  t o  cobal t r a t i o  o f  4.8 was found by 
Wise and Brandt t o  be s u f f i c i e n t  i n  t he  de termina t ion  o f  coba l t .  
Due t o  t h e  completeness of the  complex format ion,  i t s  water  
s o l u b i l i t y  and s t a b i l i t y ,  and due t o  the  ease o f  p repara t ion  o f  
2 -n i  t roso-1-naphthol-4-sul  f o n i  c  ac id ,  i t  seemed p r o f i t a b l e  t o  
i n v e s t i g a t e  t he  cond i t ions  necessary t o  q u a n t i t a t i v e l y  n i t r o s o l a t e  the  
1-naphthol-4-sul fonate f o r  t he  purpose of developing a spectrophoto- 
m e t r i c  method f o r  t he  de termina t ion  o f  n i t r i t e  i n  n a t u r a l  waters. 
I f  t h e  n i t r o s o l a t i o n  can be fo rced t o  complet ion by excess 
1-naphthol -4-sul fonate i on ,  and i f  the  complex format ion then can be 
fo rced t o  complet ion by excess cobal t ( I I ) ,  the  development o f  such a 
method i s  poss ib le .  
111. EXPERIMENTAL 
A. Reagents 
Reagent-grade chemicals meet ing Ameri can Chemi ca l  Soc ie t y  
s p e c i f i c a t i o n s  were used whenever they were commerci a1 l y  avai  1  ab le .  
A  l i s t  d e s c r i b i n g  t he  commercial chemicals used has been presented i n  
Table 1. 
A1 1  wate r  used was d i s t i l  l e d  wate r ,  and was f u r t h e r  p u r i f i e d  by 
monobed i on-exchange r e s i n .  
The z i n c  1-naphthol -4-su l fonate was prepared by t he  procedure o f  
Antepenko ( 3 ) .  P u r i  f i e d  sodi  um 1-naphthol -4-su l  fona te  , 40 g , was 
d i sso l ved  i n  120 ml o f  ho t ,  de ion ized  wate r .  Z i nc  c h l o r i d e ,  50 g, 
was d i sso l ved  i n  a  minimum amount o f  h o t  wa te r  and t h i s  s o l u t i o n  was 
added t o  t he  sodi  urn 1-naphthol -4-su l  fona te  s o l u t i o n .  The 1  arge 
c r y s t a l s  which formed upon slow c o o l i n g ,  were c o l l e c t e d  on a  
s i n te red -g lass  funne l ,  r e c r y s t a l l i z e d  t h r e e  t imes f rom water  and 
a i r  d r i e d  24 hours a t  room temperature.  
The 2 -n i  t roso-1-naphthol -4-su l  f o n i  c  a c i d  was prepared us ing  
a  m o d i f i c a t i o n  o f  t he  procedure o f  W i  tt and Kaufmann (1 ). The 
ma te r i  a1 was rec rys  t a l l  i zed f rom d i  1  u t e  hydrochl  o r i  c  ac id ,  and t he  
s o l u t i o n s  were decol  o r i  zed w i t h  a c t i v a t e d  charcoal  i n  t he  
rec rys  t a l l  i z a t i  on process. 
A  s tock  s o l u t i o n  o f  4.90 x  z i n c  1-naphthol -4-su l fonate 
was prepared by r i n s i n g  0.9800 g o f  t h i s  substance i n t o  a  500-ml 
vo lume t r i c  f l a s k  and d i l u t i n g  t o  volume w i t h  d i s t i l  l e d  wate r .  
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A s tock  s o l u t i o n  o f  6.608 x 10-' - M 2-n i t roso- l -naph tho l -4 -  
s u l f o n i c  a c i d  was prepared by r i n s i n g  0.5739 g  o f  t h i s  substance i n t o  
a  250-ml vo l  urnetr ic f l a s k  and d l  1  u t i n g  t o  volurr~e w i t h  d i s t i l  l e d  water.  
A s tock  s o l u t i o n  o f  1.000 x l o m 2  - M c o b a l t ( I 1 )  s u l f a t e  s o l u t i o n  
was made by d i s s o l v i n g  2.8114 g  o f  cobal  t ( I 1 )  s u l f a t e  heptahydrate 
i n  d l s t i l l e d  wa te r  and d i l u t i n g  t o  volume w i t h  same i n  a  1000-ml 
vo lume t r i c  f l a s k .  
A s t ock  s o l u t i o n  o f  8.00 x - M c o b a l t ( 1 I )  s u l f a t e  Has 
prepared by d i l u t i n g  40.00 m l  o f  t h e  1.000 x lo- '  cobal t ( 1 I )  s u l f a t e  
s tock  s o l u t i o n  t o  500.0 m l  w i t h  d i s t i l l e d  water .  
A s tock  s o l h t i o n  of 4.00 x - M c o b a l t ( I 1 )  s u l f a t e  was 
prepared by d i l u t i n g  20.00 m l  o f  t h e  1.000 x l o m 2  - M cobal t ( I 1 )  
s u l f a t e  s tock  s o l  r ~ t i o n  t o  500.0 m l  w i t h  d i s t i l  l e d  wate r .  
A s tock  s o l u t i o n  f o  2.00 x l o m 4  1 c o b a l t ( I 1 )  s u l f a t e  was 
prepared by d i  1  u t i n g  10.00 rr11 o f  t he  1.000 x 1  on2 8 cobal t ( I  I )  
s u l f a t e  s tock  s o l u t i o n  t o  500.0 rn l  w i t h  d i s t i l  l e d  water .  
A s tock  s o l u t i o n  o f  0.4962 - M sodlum n i t r i t e  was prepared by 
r i n s i n g  17.1189 g  o f  t h i s  substance ( d r i e d  2.5 hours a t  105 "C and 
cooled)  i n t o  a  500-ml vo lume t r i c  f l a s k  and d i l u t i n g  t o  vo l  lime w i t h  
d i  s t i  1  l e d  water .  
A s tock  s o l u t i o n  o f  6.947 x 1 f 3  - M sodium n i t r i t e  was prepared 
by d i l u t i n g  7.00 m l  o f  t he  0.4962 sodium n i t r i t e  s tock  s o l u t i o n  
t o  500.0 m l  w i t h  d i s t i l l e d  water .  
A s tock  s o l  u t i  on o f  6.668 x 1  D - ~  J sodi  um n i  tri t e  was prepared 
by d i l u t i n g  24.00 m l  o f  t he  6.947 x l o m 3  sodi  um n i t r i t e  s tock  
s o l u t i o n  t o  250.0 m l  w i t h  d l s t i  l l e d  water .  
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abso rp t i on  c e l l s  o r  w i t h  10.00-cm, matched, q u a r t z  absorp t ion  c e l l s .  
Absorbance measurements were made a t  a  wavelength o f  525 nm w i t h  a  
c h a r t  range o f  0-1.0, us ing  a  d i s t i l  led-water  b l ank  un less o therw ise  
i n d i  cated. 
A1 1  glassware was washed w i t h  Alconox i n  h o t  wa te r  and r i n s e d  
s i x  t i r r~es  w i t h  d i s t i l l e d  water .  A l l  vo l ume t r i c  glassware used was 
bo ros i  1  i c a t e  and was NBS Class A qua1 i t y .  
C. General Procedure 
A1 1  work was based on t he  same procedure, w i t h  m o d i f i c a t i o n s  
o c c u r r i n g  when necessary. Accura te ly  measured volumes o f  sod i  um 
n i t r i t e  s o l  u t i o n  and o f  reagent  s o l u t i o n ,  z i n c  1-naphthol  -4- 
su l f ona te ,  were p i  p e t t e d  i n t o  a  200-ml beaker, d i l u t e d  t o  40 m l  
w i t h  water ,  and a c i d i f i e d  t o  pH 2.4 w i t h  2.00 ml 0.098 - N tIC1. 
A f t e r  15 t o  30 minutes f o r  n i t r o s o l a t i o n  a t  room temperature,  a  
volume of cobal t ( I 1 )  s u l f a t e  s o l u t i o n  was added and t h e  s o l u t i o n  
n e u t r a l i z e d  t o  pH 7.0 w i t h  d i l u t e  sodium hydrox ide  s o l u t i o n .  I t  
was then t r a n s f e r r e d  t o  a  100-ml vo lume t r i c  f l a s k  and d i  1  u ted  t o  
volume w i t h  water .  The absorbance was measured a t  525 nm versus a  
d i s t i  l l e d - w a t e r  b lank ,  us i ng  1-cm c e l l s .  
D. Recommended Procedure 
Q u a n t i t a t i v e l y  t r a n s f e r  a  wa te r  sample (50 t o  1000 pg n i t r i t e )  
t o  a  200-ml beaker.  Add 20 m l  o f  5 x  1 0 - 9  - z i n c  1 -naphtho l -4 -su l fona te  
and a d j u s t  t o  pH 2.4 (add 1.00 m l  0.10 3 h y d r o c h l o r i c  a c i d  f o r  each 
20 m l  o f  s o l u t i o n ) .  A l low the  s o l u t i o n  t o  s tand  a t  l e a s t  30 tr~inutes a t  
room temperature,  add 20 m l  8.00 x  1 cobal t ( I I )  s u l f a t e ,  add 2.00 rr11 
b u f f e r  s o l u t i o n  (0.127 M c i t r i c  a c i d  and 0.0375 - M d i s o d i  um hydrogen 
phosphate),  and a d j u s t  the s o l l l t i o n  t o  pH 7 w i t h  d i l u t e  sodium hydrox ide  
and a pH meter.  T rans fe r  the  s o l u t i o n  t o  a 100-ml vo lume t r i c  f l a s k  
and d i l u t e  t o  volume w i t h  d i s t i l l e d  wate r .  A l l ow  a t  l e a s t  30 minutes 
t o  pass a f t e r  n e u t r a l i z a t i o n  t o  pH 7, then measure the  absorbance a t  
525 nm versus a d i s t i l l e d  wa te r  b lank ,  us i ng  1-cm, matched c e l l s .  
Prepare a c a l i b r a t i o n  p l o t  by the  use o f  s tandard sodium n i t r i t e  
s o l u t i o n s  prepared from reagent-grade sodium n i  tri t e  d r i e d  a t  110 "C 
f o r  two hours.  Prepare d a i l y  ve ry  d i l u t e  sodium n i t r i t e  s o l u t i o n s ,  l e s s  
than 1.0 x l o m 4  1. 
Use more d i l u t e  reagent  s o l u t i o n s  and l o n g e r  c e l l s  w i t h  samples 
which con ta in  l ess  than 0.5 ppm n i t r i t e .  Q u a n t i t a t i v e l y  t r a n s f e r  a 
wa te r  sample (2  t o  50 pg n i t r i t e )  t o  a 200-ml beaker.  Fo l low the 
above-wr i t ten  procedure, b u t  use 2 x M z i n c  1-naphthol -4-su l fonate,  
4 x - M c o b a l t ( I 1 )  s u l f a t e ,  and 10-cm, matched c e l l s .  
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IV. RESULTS AND DISCUSSION 
The f i r s t  problem orle faces i n  t h e  exarr~ inat ion o f  a  chemical 
systerc~, i s  t he  a v a i l a b i l i t y  of  pure chemicals.  Sodium l -naph tho l -4 -  
s u l  for late i s  ava i  1  ab le  comnerci a1 l y  , b u t  i s  ava i  1  a b l e  o n l y  i n  a  r a t h e r  
impure s t a t e .  One would never guess by l o o k i n g  a t  t he  commercial 
m a t e r i a l  t h a t  sodium 1-naphtho l -4 -su l fona te  i s  a  w h i t e  s o l  i d  when 
pure. The reason f o r  t h e  l a c k  o f  p u r i t y  i s  t h e  l a c k  o f  a  good method 
f o r  i t s  p u r i f i c a t i o n .  Anhydrous sodium 1  -naphthol -4-su l  fona te  i s  
s o l u b l e  i n  abso lu te  e thano l ,  as a re  severa l  o t h e r  sod i  um s a l t s  o f  
o rgan i c  s u l  f o n i c  ac ids  ; s o l i  d-1 i q u i d  con t i nuous -ex t rac t i  on techniques 
p e r m i t  t h e  removal o f  t he  des i r ed  m a t e r i a l  f rom h i g h l y  co lo red  
i m p u r i t i e s ,  b u t  do n o t  pe rm i t  i t s  sepa ra t i on  f rom i somer i c  
naph tho l su l f on i c  ac ids .  
Hence, f o l l ow ing  p re l - im inary  p u r i f i c a t i o n  by e thano l  e x t r a c t i o n ,  
t h e  sodium s a l t  was conver ted i n t o  t he  z i n c  s a l t ,  which lends i t s e l f  
t o  r e c r y s t a l  l i z a t i o n  f rom aqueous s o l  u t i o r ~  ( 3 ) ,  \ h i  t e ,  c r y s t a l  1  i ne, 
h i g h l y  pure z i n c  1-naphthol -4-su l fonate was used as t he  source o f  
1 -naphtho l -4 -su l fona te  i ons  i n  t h i s  work. 
A, E f f e c t  o f  pH on N i  t r o s o l  a t i o n  
. -  -
Pro tona t i on  o f  n i t r o u s  ac i  d, HONO, and subsequent f o rma t i on  o f  
t he  e l e c t r o p h i l e ,  NO', do n o t  occur  i n  n e u t r a l  media, b u t  they  do 
occur  i n  a c i d i c  media. However, i n  ve ry  a c i d i c  media n i t r o u s  a c i d  
decomposes and forms n i t r i c  ox ide ,  NO, which i s  then l o s t  t o  the  
atmosphere and r a p i d l y  a i r  o x i d i z e d  t o  n i  t rogen d iox ide ,  NOp, 
red-brown gas. Thus, i t  i s  e s s e n t i a l  t o  determine t he  optimum pH a t  
which n i  t r o s o l a t i  on q u a n t i t a t i v e l y  occurs.  A s e r i e s  o f  s o l u t i o n s  
was prepared f o l l o w i n g  t he  general  procedure except  t h a t  t h e  pH t o  
which each was ad jus ted  f o r  n i  t r o s o l a t i o n  was v a r i e d  and t he  p e r i o d  
o f  n i  t r o s o l a t i o n  was untimed; 20.00 ml o f  4.90 x M z i n c  
- 
1-naphthol -4-su l fonate s o l u t i o n ,  10.00 m l  o f  6.668 x  1 f 4  - M sodium 
n i t r i t e  s o l u t i o n ,  and 20.00 m l  o f  2.00 x  l o m 4  - M c o b a l t ( I 1 )  s u l f a t e  
s o l u t i o n  were used. 
The data,  r epo r ted  i n  Table 2, i n d i c a t e  t h a t  maximum absorbarlce 
values were observed i n  the s o l u t i o n s  which were n i t r o s o l a t e d  i n  
t he  range o f  pH 2.2 t o  2.6. A pH o f  2 .4  was chosen f o r  r o u t i n e  work. 
When the  concent ra t ions  and volunles o f  reagent  and sod iu~ i i  
n i t r i t e  a re  approxirnately what they were irr t h i s  experiment, and a re  
d i  1  u ted  t o  40 ml , addi ti on o f  2.00 ml 0.098 - N HC1 a c i  d i  f i e s  the  s o l  u t i o n  
t o  pH 2.4, and use o f  a  pH meter i s  n o t  necessary. 
B. E f f e c t  --- o f  Time on N i t r o s o l a t i o n  
2-Ni troso-1-naphthol-4-sulfonic a c i d  forms a lmost  i n s t a n t l y  a t  
2  "C when a  s o l u t i o n  o f  sodium 1-naphtho l -4 -su l fona te ,  a c i d i f i e d  w i t h  
cons iderab le  excess h y d r o c h l o r i c  ac id ,  i s  t r e a t e d  w i  t h  an excess o f  
a  s o l u t i o n  o f  sodium n i t r i t e .  Format ion o f  t h e  e l e c t r o p h i l e ,  NO', 
i s  favored  i n  such a  s o l u t i o n  and t he  r e a c t i o n  proceeds r a p i d l y .  The 
r e a c t i o n  may n o t  proceed r a p i  d l y  t o  complet ion when 1  -naphthol -4-  
s u l f o n a t e  i o n  i s  i n  excess. 
Hence, t he  optimurrl arrlount o f  t ime  r e q u i r e d  f o r  n i  t r o s o l  a t i o n  t o  
q u a n t i t a t i v e l y  occur  was deterrrlined i n  t h e  presence o f  excess l - naph tho l -  
4 -su l  for la te  i on .  A s e r i e s  o f  s o l u t i o n s  was prepared f o l l o w i n g  t h e  
genera l  procedure, except  t h a t  t he  p e r i o d  o f  t irne a l lowed f o r  
n i t r o s o l a t i o n ,  t h a t  i s ,  t h e  t ime elapsed between t he  a d d i t i o n  of  HC1 
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and t h e  a d d i t i o n  o f  cobal  t ( I 1 )  s u l f a t e  s o l u t i o n  and n e u t r a l i z a t i o n ,  
was var ied .  D i l u t e  s o l u t i o n s  and 10-cm abso rp t i on  c e l l s  were used 
i n  o r d e r  t o  d e t e c t  smal l  d i f f e r e n c e s  i n  absorbance; 20.00 ml o f  
9.882 x l o m 4  - M z i n c  1 -naphtho l -4 -su l fona te  s o l u t i o n ,  15.00 ml o f  
6.668 x l o m 5  - M sodium n i t r i t e  s o l u t i o n ,  and 20.00 ml o f  2.00 x l o m 4  - M 
cabal t ( I I )  s u l f a t e  so l  u t i o n  were used. 
Maximum absorbance va l  ues were observed i n  t he  s o l  u t i o n s  which 
were a l lowed t o  n i  t r o s o l a t e  f o r  15 t o  30 minutes (Table 3).  The 
r e a c t i o n  was n o t  complete i n  10 minutes. A t ime  p e r i o d  o f  a t  l e a s t  
15 minutes was a l lowed f o r  n i  t r o s o l a t i o n  i n  a l l  subsequent work. 
1 
C. E f f e c t  - of Temperature on N i  t r o s o l  a t i o n  
-
The r e a c t i o n  o f  sodi  um n i t r i t e  w i t h  sodi  um 1-naphthol-4-sul  f ona te  
i s  c l a s s i c a l l y  e f f e c t e d  a t  a temperature near  0 "C t o  minirnize t he  
decomposit ion o f  n i t r o u s  ac id ,  t he  companion e v o l u t i o n  o f  gas, 
and t h e  simultaneous fo rmat ion  o f  foam on t he  t op  o f  t h e  r e a c t i o n  
medi um. One must cons ider  whether s i g n i  f i  can t  decomposi t i o n  occurs 
i n  t h e  system, as used here, a t  temperatures h i g h e r  tiplan 0 "C. 
Hence, t h e  most p r a c t i c a l  work ing temperature was determi  rled a t  
whi ch n i  t r o s o l  a t i  on o f  z i n c  1 -naphthol  -4-sul  f ona te  quan ti t a t i  v e l y  
occurs.  A s e r i e s  o f  s o l u t i o n s  was prepared f o l  l ow ing  t h e  general  
procedure except  t h a t  t h e  temperature a t  which they were n i  t r o s o l  a ted  
was var ied ,  and a l l  s o l u t i o n s  subsequent ly  were a c i d i f i e d  t o  pH 1 
f o r  10 minutes t o  maximize any decomposit ion o f  n i t r o u s  ac id ;  20.00 m l  
o f  4.918 x l o m 3  - M o r  4.173 x 1 f 3  fl z i n c  1 -naphtho l -4 -su l fona te  
s o l u t i o n ,  10.00 m l  o f  6.668 x - M sodium n i t r i t e  s o l u t i o n ,  and 
20.00 m l  o f  2.00 x l o m 4  - M cobal t ( I I )  s u l f a t e  s o l u t i o n  were used. 
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The r e a c t i o n  proceeded s a t i s f a c t o r i l y  a t  a l l  temperatures s t u d i e d  
(Table 4), bo th  above and below room temperature.  Labora to ry  
temperature (essen t i  a1 l y  20 "C, s i n c e  t h e  l a b o r a t o r y  was a i r - cond i t i oned ;  
t he  temperature v a r i e d  as h i g h  as % 28 "C) was chosen f o r  n i  t r o s o l a t i o n  
i n  a1 1 f u r t h e r  work t o  min imize the  t o t a l  t ime needed. 
D. pH a t  which Z inc  Hydroxide Forms 
---
A p r e c i p i t a t e ,  which caused i n t e r f e r e n c e  i n  severa l  s o l  u t i o n s  , 
was found t o  be forrned wt~er~  s o l u t i o n s  were made over-a1 k a l  i n e  du r i ng  
t h e  n e u t r a l i z a t i o n  process. I n  o r d e r  t o  determine t h e  pH a t  which 
t h i s  p r e c i p i t a t e  forms, a s e r i e s  o f  s o l u t i o n s  was prepared f o l l o w i n g  
t he  general  procedure except  t h a t  i n  t h e  n e u t r a l  i z a t i  on process, t he  
pH was inc reased  s l o w l y  and c a r e f u l l y  u n t i l  t he  p r e c i p i t a t e  formed. 
The pH was then determined on a pH meter,  b u t  absorbance was n o t  
measured; 20.00 m l  o f  4.90 x l o m 3  - M z i n c  I - naph tho l -4 - su l f ona te  
s o l u t i o n ,  10.00 m l  o f  6.668 x - M sodium n i t r i t e  s o l u t i o n ,  and 
20.00 ml o f  2.00 x - M c o b a l t ( I 1 )  s u l f a t e  s o l u t i o n  were used. 
The average pH a t  which t h e  p r e c i p i t a t e  formed was 7.97, as i s  
i n d i c a t e d  i n  Table 5, so care  was exerc ised  i n  subsequent exper iments 
t o  avo id  i n c r e a s i n g  t he  pH above 7.3 i n  t he  n e u t r a l i z a t i o n  process. 
The p r e c i p i t a t e  was i d e n t i f i e d  as z i n c  hydrox ide.  I t  was s o l u b l e  
i n  $1 M h y d r o c h l o r i c  a c i d  and i n  concen t ra ted  sodium hydrox ide.  I t  
con ta ined  z i nc ,  as shown by t he  f o rma t i on  f rom i t  o f  w h i t e  z i n c  
s u l  f i d e .  
I n  s o l  u t i o n s  prepared subsequent t o  t h i s  exper iment,  t he  
p r e c i p i t a t e  was occasional1,y found, though e f f o r t  had been made t o  
n o t  i nc rease  t h e  pH above 7.3 i n  t h e  n e u t r a l i z a t i o n  process. A f t e r  
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